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SUMMARY Heading: Amino acids on yield and quality of Tartary buckwheat 12 

Salt-tolerant variety of Chuanqiao No.1 and salt-sensitive variety of Chuanqiao No.2 in Tartary buckwheat were 13 

used as experimental materials, through treatment of foliar spraying amino acids to study the effect of exogenous 14 

amino acids on yield and quality of Tartary buckwheat in non-saline and saline-alkali soil. The results showed 15 

that the treatment of amino acids could significantly increase the Tartary buckwheat yield in saline-alkali soil, 16 

under appropriate treatment of amino acids, the content of seed protein, mineral element and rutin in two Tartary 17 

buckwheat varieties was significantly increased in non-saline and saline-alkali soil, and that in salt-tolerant 18 

Tartary buckwheat variety was increased obviously higher than that in salt-sensitive one. It indicated that the 19 

effect of exogenous amino acids on yield and quality varies obviously between the two Tartary buckwheat 20 

varieties. In addition, through measuring the soil composition of non-saline and saline-alkali soil, we found that 21 

the content of calcium in saline-alkali soil was higher, and that of iron and selenium in saline-alkali soil was 22 

significantly lower than that in non-saline one, while that of calcium, iron and selenium of Tartary buckwheat 23 

seeds in saline-alkali soil was significantly higher than that in non-saline one, indicating that the Tartary 24 

buckwheat in saline-alkali soil shows enrichment in calcium, iron and selenium, and should be more nutritious 25 

than that in non-saline one. From the actual usage of amino acids, the amount of amino acid used per hectare is 26 

less and the price is low, so it is very suitable for popularization and application in saline-alkali soil. 27 
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Core Ideas 30 

� Amino acids treatment could significantly increase the yield of Tartary buckwheat in saline-alkaline soil. 31 

� Appropriate amino acid treatment could make the Tartary buckwheat in saline-alkali soil more nutritious. 32 

� This way with low cost is very suitable for popularization and application in saline-alkali soil. 33 

 34 

Introduction 35 

Saline-alkali soil is a kind of soil with high pH, poor permeability, easy surface hardening and low nutrient 36 

content. It accumulates too much salt on the surface. Therefore, most plants are difficult to survive, which has 37 

become an important factor restricting the development of agriculture and animal husbandry, leading to the 38 

deterioration of the ecological environment and other issues. It is reported that the area of saline alkali soil in 39 

China is nearly 100 million hectare (Zhu et al., 2018), and the loss of agricultural production caused by soil 40 

salinization is difficult to estimate (Li et al., 2008). Recently, research on plant physiological characteristics in 41 

saline-alkali soil is mostly focused on wheat (Yang et al., 2001), cotton (Wang et al., 2007), soybean (Pan et al., 42 

2007) and other crops, while the studies on physiological and biochemical characteristics of buckwheat in 43 

saline-alkali soil are few, even, researches on yield, nutrition and health components of buckwheat under the 44 

saline-alkali condition are less than that on physiological and biochemical characteristics, as a result, it has 45 

become an urgent and important task to improve the yield and quality of crops in the saline-alkali soil. With the 46 

deepening understanding of stress resistance mechanism in plants, mining crop stress resistance has become a 47 

hot research topic and a promising way to improve crop yield and quality. Buckwheat (Fagopyrum esculentum) 48 

is a dicotyledonous plant of Fagopyrum, because its seeds are triangular ovoid, also known as triangular rice 49 

(Meng, 2011). Buckwheat is rich in protein, vitamin B, mineral nutrition, plant fiber, rutin, etc. It also contains 50 

special trace element and medicinal ingredients, which can prevent and treat modern civilization diseases and 51 

cardiovascular and cerebrovascular diseases in the middle and old age, while other food crops lack these 52 

elements and medicinal ingredients. Buckwheat is rich in cultivation and wild resources, among which Tartary 53 

buckwheat has the best edible quality and health care effect, it has become raw materials in high-grade food, 54 

health food and medicine (He and Hui, 2008). With the gradual improvement of people’s living standards, 55 

people’s dietary structure began to develop in a healthy and natural direction. This kind of food is more and more 56 

popular because of its reputation of “dual-use of medicine and food”. Therefore, vigorous development and 57 

research on nutrition and health care products have a broad market prospect and high social and economic value 58 
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(Yang and Yang, 2002). 59 

Protein content reflects the nutritional value of plants to a certain extent, so it is of great practical 60 

significance to study the effect of exogenous substances on protein content of crops. The main bioactive 61 

components of buckwheat are glutenin, water-soluble globulin and salt-soluble albumin, this glutenin is different 62 

from grain protein but similar to legume protein, and the protein quality of buckwheat is better than that of rice, 63 

wheat and maize (Du et al., 2004). From the amino acid composition of protein, it can be seen that buckwheat 64 

protein contains 18 kinds of amino acids, including 8 kinds essential amino acids for human beings. Moreover, 65 

its composition and proportion are similar to that of egg protein and meet or exceed the standard of essential 66 

amino acid content of food protein drafted by FAO and WHO. 67 

The World Health Organization points out that the essential trace elements for human body include iron, 68 

nickel, selenium, manganese, copper, silicon, chromium, zinc, tin, cobalt, fluorine, iodine, etc., which are closely 69 

related to human life activities due to their important roles in metabolic process. Mineral elements contain 70 

calcium, iron, zinc, selenium, copper, magnesium, potassium, etc., which are rich in Tartary buckwheat, and they 71 

are important sources of essential nutrients for human body (Zhu et al., 2009). Vitamin B2, a riboflavin, plays an 72 

important role in maintaining human visual function and promoting cell growth and regeneration. 73 

Rutin or vitamin P, is a kind of flavonoid with strong anti-inflammatory effect, it can maintain and restore 74 

the normal function of capillary, maintain vascular resistance, reduce vascular permeability and fragility. It also 75 

has the function of inhibiting aldose reductase, which is beneficial to the treatment of diabetic cataract. Some 76 

representative modern civilization diseases, such as cardiovascular and cerebrovascular diseases, diabetes, 77 

obesity and gout etc., rutin has been achieved certain results in remission and treatment research on these 78 

diseases, it can promote insulin secretion by affecting the function of pancreatic β cells to reduce blood sugar, at 79 

the same time, it can regulate blood pressure, increase blood vessel toughness and elasticity, so it can prevent and 80 

treat cerebral hemorrhage and subarachnoid hemorrhage (Ma and Pang, 2013). Therefore, rutin can be used not 81 

only to treat or alleviate modern civilization diseases, but also to further study its biological activity and make 82 

full use of health care functions as a green and pure natural drug (Zang et al., 2007). 83 

Study has shown that exogenous Pro could significantly improve the physiological characteristics of 84 

buckwheat seedlings under salt stress, and the best mitigation effect on salt stress in buckwheat seedlings is Pro 85 

treatment with concentration of 30 µM (Chen and Yang, 2012). Glu treatment could also significantly improve 86 

the salt tolerance of buckwheat seedlings, and the optimum concentration of Glu treatment is 60 µM (Ji et al., 87 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted February 13, 2020. ; https://doi.org/10.1101/2019.12.24.887778doi: bioRxiv preprint 

https://doi.org/10.1101/2019.12.24.887778


 4

2014). In addition, appropriate concentration of Asp treatment could significantly promote the seed germination 88 

and seedling growth of buckwheat under salt stress, and significantly increase the root vigor and chlorophyll 89 

content of buckwheat seedlings under salt stress, and the optimum concentration of Asp treatment is 40 µM 90 

(Yang, 2014). Therefore, chemical regulation is also an effective way to improve stress resistance of crops. At 91 

present, there is no relevant report on application of amino acids to improve yield and quality of buckwheat. In 92 

this paper, salt-tolerant variety of Chuanqiao No.1 and salt-sensitive variety of Chuanqiao No.2 in Tartary 93 

buckwheat were used as experimental materials, through sowing in non-saline and saline-alkali soil, and foliar 94 

spraying with the treatment of 3 kinds of amino acids, the indexes of Tartary buckwheat yield, seed protein 95 

content, mineral element content, content of vitamin B2 and rutin were determined to study the effect of 96 

exogenous amino acids on yield and quality of different Tartary buckwheat varieties, and it aims to provide some 97 

basis for improving the yield and quality of crops. 98 

Materials and Methods 99 

Materials Culture and Treatment 100 

Salt-tolerant variety of Chuanqiao No.1 and salt-sensitive variety of Chuanqiao No.2 in Tartary buckwheat 101 

were used as experimental materials, and were respectively sown in saline-alkali soil with salt concentration of 102 

0.6% and non-saline soil in drill, and the sowing space and rowing spacing were 20 cm and 30 cm, and the area 103 

of each split plot was 0.1 hm2, then applying foliar spraying with 3 kinds of amino acids twice during the 104 

seedling growth and flowering stage. The treatment concentration of Pro is 30 µM (Chen and Yang, 2012), and 105 

that of Glu and Asp is 60 µM and 40 µM (Ji et al., 2014) respectively. From 2016 to 2018, Tartary buckwheat 106 

was sown on June 26 and harvested on September 26 every year, comparing the quality differences among the 107 

three batches of Tartary buckwheat seeds. Three repetitions were set in per treatment each year. 108 

Crop Management 109 

The method of Wan (2003) was referred for field management. The seedling stage of Tartary buckwheat is 110 

more drought-tolerant and water should not be too much. When meeting rainy conditions, it is necessary to 111 

exclude accumulated water in time, while the water demand of flowering season is more, and it can be watered 112 

properly. It is advisable to choose sunny day when applying amino acids treatment and to spray the leaves 113 

without dropping water. The yield of Tartary buckwheat was measured by random sampling in 5 points. 114 

Determination of Mineral Element Content 115 

The content of nitrogen (N) in soil was determined by the Kjeldahl method (Wu et al., 2009), and that of 116 
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other mineral elements was determined by ICP-OES inductively coupled plasma emission spectrometer. 1 g 117 

sample was taken to the digestive tube, mixed acid (10 mL HNO3 and 2 mL HClO4) was put in, and sample was 118 

static sealed overnight. On the following day, heating on the temperature control and digestion instrument, and 119 

maintaining the micro boiling state (160℃~170℃), when a large amount of brown NO2 gas came out for about 1 120 

h, continuing to heat until brown gas disappeared. Sample liquid gradually became light yellow, when it turned 121 

to transparent, it would completely digest, didn’t stop heating evaporation to remove a large amount of HNO3 122 

and HClO4 until the solution was left in the tube with about 1 mL. After a slight cooling, directly poured the 123 

water into digestion tube for about 10 mL, kept heating and removing acid in the digestion apparatus in micro 124 

boiling for 5 min, then transferred the sample solution to 25 mL volumetric flask and set the constant volume 125 

with deionized water after cooling. ICP-OES was used to determinate the mineral element content. 126 

Determination of Protein, Vitamin B2 and Rutin Content 127 

Refering the method of Hui et al. (2004) to determine the protein content in buckwheat seeds; refering the 128 

high performance liquid chromatography method of Liang et al. (2005) to determine vitamin B2 content; refering 129 

the ethanol extraction method of Jia et al. (1998) to extract rutin in buckwheat seeds; refering the high 130 

performance liquid chromatography method of Zhang et al. (2003) to determine the rutin content. 131 

Determination of Soil Composition 132 

In the study of soil properties, 3 samples were collected from soil under 10 cm. The determination of soil 133 

composition including determination of a large number of elements and trace elements, a large number of 134 

elements include P, N, K, Ca, and Mg, and trace elements include Fe, Mn, B, Zn, and Se. Refering the Kjeldahl 135 

method of Wu et al. (2009) to determine nitrogen content in soil; ICP-OES was adopted to determinate other 136 

mineral element content in soil. 137 

Data Processing 138 

The method of variance calculation was used to process the seed quality data obtained during the two years. 139 

Using ANOVA and t-test to analysis the significant difference of data between different amino acid treatments 140 

and two Tartary buckwheat varieties (Wang et al., 2010), and each test sample was provided with 3 duplicates. 141 

Results 142 

Effect of Exogenous Amino Acids on Tartary Buckwheat Yield in Non-saline and Saline-alkali Soil 143 

Figure 1 shows the yield of Tartary buckwheat in non-saline and saline-alkali soil, under the treatment of 144 

Asp, the yield of Chuanqiao No.1 in non-saline soil was increased significantly, which was increased by 7.78% 145 
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than the control, while under the treatment of Pro, Glu and Asp, that of Chuanqiao No.1 in saline-alkali soil was 146 

all increased significantly, which was increased by 28.58%, 22.72% and 39.92% respectively than the control, 147 

and the largest increase of the treatment among them was Asp. The effect of exogenous amino acids on yield of 148 

Chuanqiao No.2 in non-saline soil was small, although there was a slight increase, there was no significant 149 

difference between the treatment and the control, however, under the treatments of Pro, Glu and Asp, that of 150 

Chuanqiao No.2 in saline-alkali soil was increased significantly, which was increased by 12.61%, 30.92% and 151 

20.94% respectively than the control, and the largest increase of the treatment among them was Glu. Under the 152 

treatment of 3 kinds of amino acids, the yield of Chuanqiao No.1 in non-saline or saline-alkali soil was 153 

significant higher than that of Chuanqiao No.2. 154 

Effect of Exogenous Amino Acids on Protein Content of Tartary Buckwheat in Non-saline and 155 

Saline-alkali Soil 156 

Figure 2 shows the protein content of Tartary buckwheat in non-saline and saline-alkali soil, the seed 157 

protein content of Tartary buckwheat in non-saline and saline-alkali soil was increased in different degrees under 158 

the treatments of 3 kinds of exogenous amino acids, under the treatment of Pro, that of Chuanqiao No.1 in 159 

saline-alkali soil was increased significantly, which was increased by 14.56% than the control, and under the 160 

treatment of Asp, that of Chuanqiao No.1 in non-saline and saline-alkali soil was increased significantly, which 161 

was increased by 22.32% and 29.93% respectively than the control. Under the treatment of Glu, that of 162 

Chuanqiao No.2 in non-saline and saline-alkali soil was increased significantly, which was increased by 14.46% 163 

and 20.68% respectively than the control. Under the treatment of proline and aspartic acid, the seed protein 164 

content of Chuanqiao No.1 was significantly higher than that of Chuanqiao No.2. 165 

Effect of Exogenous Amino Acids on Calcium (Ca) Content of Tartary Buckwheat in Non-saline and 166 

Saline-alkali Soil 167 

Figure 3 shows the Ca content of Tartary buckwheat in non-saline and saline-alkali soil, there are obviously 168 

different effect of exogenous amino acids on seed calcium content of different Tartary buckwheat varieties, 169 

under the treatments of Pro, Glu and Asp, the seed Ca content of Chuanqiao No.1 in non-saline soil was 170 

increased significantly, which was increased by 83.90%, 71.16% and 90.69% respectively than the control, and 171 

the largest increase of the treatments among them was Asp, and under the treatments of Pro and Glu, that of 172 

Chuanqiao No.1 in saline-alkali soil was increased significantly, which was increased by 46.91% and 27.13% 173 

respectively than the control, the larger increase between them was Pro. Under the treatments of Pro and Asp, 174 
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that of Chuanqiao No.2 in non-saline soil was increased significantly, which was increased by 34.31% and 175 

75.36% respectively than the control, and the larger increase between them was Asp, and under the treatment of 176 

Pro, that of Chuanqiao No.2 in saline-alkali soil was increased significantly, which was increased by 45.26% 177 

than the control. Under the treatment of proline and glutamic acid, the seed Ca content of Chuanqiao No.1 in 178 

non-saline soil was significantly higher than that of Chuanqiao No.2; while that of Chuanqiao No.2 in 179 

saline-alkali soil was significantly higher than that of Chuanqiao No.1 under the treatment of proline and aspartic 180 

acid. 181 

Effect of Exogenous Amino Acids on Iron Content of Tartary Buckwheat in Non-saline and Saline-alkali 182 

Soil 183 

Figure 4 shows the Fe content of Tartary buckwheat in non-saline and saline-alkali soil, there is no 184 

significant change of seed iron (Fe) content of the two Tartary buckwheat varieties in non-saline soil under the 185 

treatment of 3 kinds of amino acids. It indicated that the effect of exogenous amino acids treatment on seed Fe 186 

content in non-saline soil was small. Under the treatments of Pro, Glu and Asp, the seed Fe content of Chuanqiao 187 

No.1 in saline-alkali soil was increased significantly, which was increased by 194.85%, 85.46% and 82.83% 188 

respectively than the control, and the largest increase of the treatment among them was Pro, and under the 189 

treatments of Pro and Glu, that of Chuanqiao No.2 in saline-alkali soil was increased significantly, which was 190 

increased by 76.69% and 59.52% respectively than the control, and the larger increase of the treatment between 191 

them was Pro. Under the treatment of 3 kinds of amino acids, the seed iron content of Chuanqiao No.1 in 192 

saline-alkali soil was significantly higher than that of Chuanqiao No.2. 193 

Effect of Exogenous Amino Acids on Zinc Content of Tartary Buckwheat in Non-saline and Saline-alkali 194 

Soil 195 

Figure 5 shows the Zn content of Tartary buckwheat in non-saline and saline-alkali soil, the seed Zn content 196 

of two Tartary buckwheat varieties in saline-alkaline soil was generally larger than that in non-saline one under 197 

the treatment of 3 kinds of amino acids. With the treatments of Glu and Asp, the seed Zn content of Chuanqiao 198 

No.1 in non-saline soil was increased significantly, which was increased by 37.88% and 46.64% respectively 199 

than the control, the larger increase between them was Asp. With the treatments of Pro, Glu and Asp, that of 200 

Chuanqiao No.1 in saline-alkali soil was increased significantly, which was increased by 32.16%, 30.14% and 201 

58.85% respectively than the control, the largest increase of the treatment among them was Asp, and that of 202 

Chuanqiao No.2 in non-saline soil was increased significantly, which was increased by 22.90%, 26.22% and 203 
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44.57% respectively than the control, the largest increase of the treatment among them was Asp. With the 204 

treatments of Glu and Asp, that of Chuanqiao No.2 in saline-alkali soil was increased significantly, which was 205 

increased by 24.33% and 32.40% respectively than the control, and the larger increase of the treatment between 206 

them was Asp. Under the treatment of proline, the seed Zn content of Chuanqiao No.1 was significantly higher 207 

than that of Chuanqiao No.2. 208 

Effect of Exogenous Amino Acids on Selenium (Se) Content of Tartary Buckwheat in Non-saline and 209 

Saline-alkali Soil 210 

Figure 6 shows the Se content of Tartary buckwheat in non-saline and saline-alkali soil, there is no 211 

significant change of seed Se content in non-saline and saline-alkali soil of the two Tartary buckwheat varieties 212 

under the treatment of 3 kinds of amino acids. It indicated that the effect of 3 kinds of exogenous amino acids 213 

treatment on seed Se content in non-saline soil was small. With the treatments of Pro and Glu, seeds Se content 214 

of Chuanqiao No.1 in saline-alkali soil was increased significantly, which was increased by 29.37% and 21.27% 215 

respectively than the control, and the larger increase of the treatment between them was Pro, with the treatment 216 

of Asp, seed Se content of Chuanqiao No.2 in saline-alkali soil was increased significantly, which was increased 217 

by 20.35% than the control. Under the treatment of 3 amino acids, the seed Se content of Chuanqiao No.2 in 218 

non-saline or saline-alkali soil was significantly higher than that of Chuanqiao No.1. 219 

Effect of Exogenous Amino Acids on Vitamin B2 Content of Tartary Buckwheat in Non-saline and 220 

Saline-alkali Soil 221 

Figure 7 shows the vitamin B2 content of Tartary buckwheat in non-saline and saline-alkali soil, under the 222 

treatments of Pro, Glu and Asp, the seed vitamin B2 content of Chuanqiao No.1 in non-saline and saline-alkali 223 

soil had a small change, and that in saline-alkali soil was slightly higher than that in non-saline one. Under the 224 

treatments of Glu, that of Chuanqiao No.2 in saline-alkali soil was lower than that in non-saline one, while under 225 

the treatments of Pro and Asp, that of Chuanqiao No.2 in saline-alkali soil was higher than that in non-saline one, 226 

however, both did not reach the level of significant difference. It indicated that the effect of 3 kinds of amino 227 

acids on seed vitamin B2 content of the two Tartary buckwheat varieties in non-saline and saline-alkali soil was 228 

small. 229 

Effect of Exogenous Amino Acids on Rutin Content of Tartary Buckwheat in Non-saline and Saline-alkali 230 

Soil 231 

Figure 8 shows the rutin content of Tartary buckwheat in non-saline and saline-alkali soil, under the 232 
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treatment of Asp, the seed rutin content of Chuanqiao No.1 in non-saline and saline-alkali soil was increased 233 

significantly, which was increased by 30.38% and 18.56% respectively than the control, and with the treatment 234 

of Pro, that of Chuanqiao No.2 was increased significantly, which was increased by17.80% than the control, 235 

while that of Chuanqiao No.2 in saline-alkali soil had no significant difference change under the treatment of 3 236 

kinds of amino acids. It indicated that the effect of 3 kinds of amino acids on seed rutin content of Chuanqiao 237 

No.2 in saline-alkali soil was small. Under the treatment of proline, the seed rutin content of Chuanqiao No.2 in 238 

non-saline soil was significant higher than that of Chuanqiao No.1. 239 

Element Content in Non-saline and Saline-alkali Soil 240 

Table 1 shows the large amount of element content in non-saline and saline-alkali soil, there is no 241 

significant difference of N content between non-saline and saline-alkali soil, while the content of P, K, Ca and 242 

Mg in non-saline soil was significantly different from that in saline-alkali one, and the content of P in 243 

saline-alkali soil was 39.53% lower than that in non-saline one, while the content of K, Ca and Mg in 244 

saline-alkali soil was 23.84%, 217.97% and 339.13% higher than that in non-saline one respectively. 245 

Table 1. Large amount of element content in non-saline and saline-alkali soil. 246 

Element content N(mg/g) P(mg/g) K(mg/g) Ca(mg/g) Mg(mg/g) 

Non-saline soil 0.91±0.10e 0.86±0.09f  13.63±1.27b   4.23±0.34c   0.46±0.05g 

Saline-alkali soil 0.95±0.11e 0.52±0.07g  16.88±1.53a  13.45±1.06b   2.02±0.41d 

Table 2 shows the trace element content in non-saline and saline-alkali soil, there is no significant difference 247 

of trace element content of Mn and Zn between non-saline and saline-alkali soil, while the content of Fe, B and 248 

Se in saline-alkali soil was significantly lower than that in non-saline one, which was 44.27%, 98.76% and 249 

44.31% lower than that in non-saline one respectively. 250 

Table 2. Trace element content in non-saline and saline-alkali soil. 251 

Element content Fe(mg/g) Mn(mg/g) B(µg/g) Zn(µg/g) Se(ng/g) 

Non-saline soil 33.93±2.65d 0.44±0.05g  10.49±0.86f 61.10±5.06c 131.77±12.23a 

Saline-alkali soil 18.91±1.56e 0.46±0.06g   0.13±0.03h  67.66±6.10bc 73.38±6.35b 

Discussion 252 

Study showed that the azophoska could significantly improve the biological yield of sweet sorghum in 253 
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saline-alkali soil (Wang et al., 2013). This article illustrated that the effect of exogenous amino acids on yield in 254 

non-saline soil was small while that on the yield in saline-alkali one was high, and the yield of two Tartary 255 

buckwheat varieties in saline-alkali soil increased significantly under the treatment of 3 kinds of amino acids. 256 

The effect of Asp treatment on yield increasement was the best in salt-tolerant Tartary buckwheat variety, while 257 

that of Glu treatment on yield increasement was the best in salt-sensitive Tartary buckwheat variety, and the yield 258 

of salt-tolerant Tartary buckwheat variety increased more than that of salt-sensitive one. In addition, the yield of 259 

Tartary buckwheat in saline-alkali soil changed little in the past 2 years, indicating that the effect of saline-alkali 260 

soil environment on yield of Tartary buckwheat was small, while the external application of amino acids was an 261 

important factor affecting the yield of Tartary buckwheat in saline-alkali soil, and the experimental data were 262 

reliable and persuasive. 263 

The soluble protein content of leaves in Pingshan pomelo and citrus seedling could increase obviously 264 

under salt stress, and that would increase to a higher level with the increasing concentration of salt stress (Ma et 265 

al., 2005); Song et al. (2008) had founded that the appropriate concentration of 5-amino acid (ALA) treatment 266 

could significantly promote the growth of spinach and significantly increase the soluble protein content so as to 267 

improve the quality of spinach. As shown in this article, the seed protein content of salt-tolerant variety increased 268 

obviously in saline-alkali soil, and that of salt-tolerant variety increased significantly under the treatment of Asp, 269 

and that of salt-sensitive variety increased significantly under the treatment of Glu, and the increase in 270 

saline-alkali soil was more than that in non-saline one, also, the increase of salt-tolerant variety was more than 271 

that of salt-sensitive one. 272 

Calcium is one of the essential elements of the human body, the calcium supplementation has a slowing 273 

effect on bone losses, it helps to lower cholesterol levels in the blood so as to prevent heart diseases (Ye et al., 274 

1998). As shown in this article, the seed calcium content of two buckwheat varieties in non-saline soil was 275 

increased significantly under the treatment of Pro and Asp, and that under the treatment of Asp increased more 276 

than that of Pro, and that of salt-tolerant variety increased more than that of salt-sensitive one, and that of two 277 

Tartary buckwheat varieties in saline-alkali soil was increased significantly under the treatment of Pro. The trace 278 

element iron is an important component of hemoglobin, and the iron element has a catalysis function to promote 279 

β-carotene into vitamin A, and to promote the synthesis of purine, collagen and antibody. In addition, the iron 280 

can also enhance the body immunity and the swallow capability of neutrophils and macrophages. As shown in 281 

this article, the effect of exogenous amino acids on seed iron content in non-saline soil was small, while the seed 282 
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iron content of the two kinds of Tartary buckwheat varieties in saline-alkali soil was increased significantly 283 

under the treatment of Pro and Glu, and the increase under the treatment of Pro was more than that under the 284 

treatment of Glu, and that in salt-tolerant variety was increased more than that in salt-sensitive one. Zinc can 285 

promote the growth and development in human body, and the serious lack of zinc in children would induce 286 

“dwarf” and mental retardation (Zhang et al., 2000). Zinc is a nutritional element in the development of thymus, 287 

only the sufficient amount of zinc could effectively guarantee the development of the thymus, and the normal T 288 

lymphocyte could be differentiated (CETTIC, 2007). As shown in this article, the seed zinc content of the two 289 

kinds of Tartary buckwheat varieties in non-saline and saline-alkali soil was increase significantly under the 290 

treatment of Glu and Asp, and the increase under the treatment of Asp was more than that under the treatment of 291 

Glu, and that of salt-tolerant variety was increased more than that of salt-sensitive one. Selenium (Se) is a very 292 

scarce trace element, and few foods rich in selenium. Se is the component of antioxidant enzymes in the body, so 293 

it could protect the cell membranes from oxidative damage, also, it could protect the β cells of pancreatic islet 294 

and maintain their normal functions, which could effectively improve the symptoms of diabetic patients (Chen, 295 

2012). This article showed that the effect of exogenous amino acids on seed Se content in non-saline soil was 296 

small, while the seed Se content of salt-tolerant Tartary buckwheat variety in saline-alkali soil was increased 297 

significantly under the treatment of Pro and Glu, and the increase under the treatment of Pro was more than that 298 

under the treatment of Glu, and that of salt-sensitive Tartary buckwheat variety in saline-alkali soil was increased 299 

significantly under the treatment of Asp. 300 

UV-B could increase the activity of enzyme in the route of dilantin synthesis pathway, and promoting the 301 

accumulation of rutin in buckwheat (Kreft et al., 2002), therefore, long time sunshine could promote the 302 

synthesis of rutin in buckwheat. The average rutin content of Fagopyrum esculentum in long time sunshine was 303 

obviously higher than that in short sunshine time (Kim et al., 2002), and the rutin content of buckwheat in 304 

summer sowing was almost two times as that in autumn sowing, it indicated that the rutin content increasing of 305 

buckwheat was closely related to the sunlight (Fabjan et al., 2003). As shown in this article, the seed rutin 306 

content of salt-tolerant variety was increased significantly under the treatment of Asp, and the increase in 307 

non-saline soil was more than that in saline-alkali one, and that of salt-sensitive variety in non-saline soil was 308 

increased significantly under the treatment of Pro, while that of salt-sensitive variety in saline-alkali soil had no 309 

significant change under the treatment of 3 kinds of amino acids. The amino acids treatment increasing the seed 310 

rutin content might be related to the prolonging of growth period in Tartary buckwheat. 311 
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High K, Ca and Mg is a common soil condition in saline-alkali soil (Li et al., 2017), which is beneficial to 312 

the enrichment of Ca in saline-alkali plants, and that is in accordance with the results of Tartary buckwheat in 313 

saline-alkali soil. Under the condition of content of Fe and Se in saline-alkali soil significantly lower than that in 314 

non-saline one, while the content of Fe and Se of Tartary buckwheat seeds in saline-alkali soil was significantly 315 

higher than that in non-saline one, indicating that saline-alkali soil environment was beneficial to the enrichment 316 

of Fe and Se in Tartary buckwheat. Meanwhile, appropriate amino acid treatment played a good role in 317 

promoting the enrichment of Ca, Fe and Se in Tartary buckwheat seeds, and made the Tartary buckwheat in 318 

saline-alkali soil more nutritious. According to the analysis of soil composition for 3 years, the content changes 319 

in non-saline and saline-alkali soil are small, and the significant changes in the quality of Tartary buckwheat 320 

should be the result of the effect of exogenous amino acids. Generally speaking, although the yield of Tartary 321 

buckwheat in saline-alkali soil is lower than that in non-saline soil, but the quality of Tartary buckwheat in 322 

saline-alkali soil is better than that in non-saline soil, so it is suitable for popularizing sowing in saline-alkali soil. 323 

It’s essential to take the relative costs of applying amino acids into account for large-scale agronomic crops, 324 

on the basis of our experiments, the results showed that nearly 150 L proline acid solution with a concentration 325 

of 30 µM, 150 L glutamic acid solution with a concentration of 60 µM and 150 L aspartic acid solution with a 326 

concentration of 40 µM were needed in per hectare soil once. Because the total of 4 times with foliar spraying 327 

during the whole process, following this calculation, 2.07 g proline acid, 5.6 g glutamic acid or 32 g aspartic acid 328 

were needed in per hectare soil. According to the market price of proline acid, glutamic acid and aspartic acid, 329 

approximately $ 0.33 proline acid, $ 1 glutamic acid or $ 5 aspartic acid was needed in per hectare. To sum up, 330 

this way is very environmentally friendly with low cost and can effectively increase the yield and quality of 331 

Tartary buckwheat, so it is very suitable for popularization and application in saline-alkali soil. 332 

Conclusion 333 

(1) Yield of Tartary buckwheat in saline-alkaline soil could be increased significantly under the amino acids 334 

treatment. The effect of Asp treatment on yield increase in salt-tolerant variety was the best, and that of Glu 335 

treatment on yield increase in salt-sensitive variety was the best, and that in salt-tolerant variety increased more. 336 

(2) The seed protein content of salt-tolerant variety increased significantly under the treatment of Asp, and 337 

that of salt-sensitive variety increased significantly under the treatment of Glu, and the increase in saline-alkali 338 

soil was more than that in non-saline one, and that of salt-tolerant variety increased more. 339 

(3) With an appropriate treatment of amino acid, the seed mineral element (Ca, Fe, Zn and Se) content of 340 
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the two Tartary buckwheat varieties in non-saline and saline-alkali soil was increased significantly, and that of 341 

the salt-tolerant variety was increased more. 342 

(4) The seed rutin content of salt-tolerant variety was increased significantly under the treatment of Asp, and 343 

the increase in non-saline soil was more than that in saline-alkali one, and that of salt-sensitive variety in 344 

non-saline soil was increased significantly under the treatment of Pro. 345 

(5) The effect of exogenous amino acids on yield and quality of the two Tartary buckwheat varieties were 346 

obviously different. 347 

(6) Appropriate amino acid treatment could play a good role in promoting the enrichment of Ca, Fe and Se 348 

of Tartary buckwheat seeds in saline-alkali soil, and made the Tartary buckwheat in saline-alkali soil more 349 

nutritious and suitable for large area popularization and application in saline-alkali soil. 350 

(7) This way is very environmentally friendly with low cost and can effectively increase the yield and 351 

quality of Tartary buckwheat, so it is very suitable for popularization and application in saline-alkali soil. 352 
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 431 

Legends 432 

Table 1. Large amount of element content in non-saline and saline-alkali soil. 433 

Table 2. Trace element content in non-saline and saline-alkali soil. 434 

Fig.1. Effect of exogenous amino acids on Tartary buckwheat yield in non-saline and saline-alkali soil. 435 

Values followed by different letters are significantly different at the 0.05 probability level (n=3). The same as below. 436 

Fig.2. Effect of exogenous amino acids on protein content of Tartary buckwheat in non-saline and saline-alkali 437 

soil. 438 

Fig.3. Effect of exogenous amino acids on Ca content of Tartary buckwheat in non-saline and saline-alkali soil. 439 

Fig.4. Effect of exogenous amino acids on Fe content of Tartary buckwheat in non-saline and saline-alkali soil. 440 

Fig.5. Effect of exogenous amino acids on Zn content of Tartary buckwheat in non-saline and saline-alkali soil. 441 

Fig.6. Effect of exogenous amino acids on Se content of Tartary buckwheat in non-saline and saline-alkali soil. 442 

Fig.7. Effect of exogenous amino acids on vitamin B2 content of Tartary buckwheat in non-saline and 443 

saline-alkali soil. 444 

Fig.8. Effect of exogenous amino acids on rutin content of Tartary buckwheat in non-saline and saline-alkali soil. 445 
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Fig.1. Effect of exogenous amino acids on Tartary buckwheat yield in non-saline and saline-alkali soil. 459 

Values followed by different letters are significantly different at the 0.05 probability level (n=3). The same as below. 460 
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Fig.2. Effect of exogenous amino acids on protein content of Tartary buckwheat in non-saline and saline-alkali 480 

soil. 481 
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Fig.3. Effect of exogenous amino acids on Ca content of Tartary buckwheat in non-saline and saline-alkali soil. 501 
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Fig.4. Effect of exogenous amino acids on Fe content of Tartary buckwheat in non-saline and saline-alkali soil. 522 
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Fig.5. Effect of exogenous amino acids on Zn content of Tartary buckwheat in non-saline and saline-alkali soil. 543 
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Fig.6. Effect of exogenous amino acids on Se content of Tartary buckwheat in non-saline and saline-alkali soil. 564 
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Fig.7. Effect of exogenous amino acids on vitamin B2 content of Tartary buckwheat in non-saline and 585 

saline-alkali soil. 586 
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Fig.8. Effect of exogenous amino acids on rutin content of Tartary buckwheat in non-saline and saline-alkali soil. 606 
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