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Abstract

:

Yeast extract, which is environmentally friendly, nutritious, and convenient to use, has advantages over common plant growth regulators and soil conditioners. It is worth verifying the effect of the application of yeast extract to afforestation in a semiarid chestnut soil area. This study was conducted through a wild field afforestation experiment in Inner Mongolia, northern China. We designed an orthogonal experiment of 25 treatments with 30 repetitions on Pinus sylvestris (Pinus sylvestris var. mongolica Litv.) sand Armeniaca sibirica (Armeniaca sibirica (L.) Lam). Three factors with different levels were considered: application to rhizosphere soil with the amounts of 0 g, 10 g, 20 g, 30 g, and 40 g; foliar spraying with concentrations of 0%, 0.5%, 1%, 1.5%, and 2%; and spraying at three moments. The results showed that yeast extract could enhance the seedlings of Pinus sylvestris and Armeniaca sibirica. When applying 40 g of yeast extract, the survival rates and root parameters were significantly boosted. Foliar spraying plays an important role in promoting the growth of seedlings. It was most effective for the two species to be sprayed with a concentration of 2% after leafing of the seedlings. The data also revealed that the application of yeast extract improved the properties of the rhizosphere soil. The porosities and moisture contents were increased, and the bulk densities were reduced. Forty grams (40 g) was the best amount to apply, especially for the soil at 20–40 cm where the seedling roots are mainly located. The chemical properties were also improved, as there was a significant increase in the conductivities, organic matter, nitrogen, and phosphorus as well as a slight reduction in the calcium carbonate content and pH. Therefore, yeast extract has a beneficial effect on both seedling growth promotion and soil improvement. It is considered to be an environmentally efficient method for afforestation and ecological remediation in semiarid chestnut soil areas.
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1. Introduction


As society has developed, the natural environment has been damaged by intensive human activities, attributed to excessive consumption and the destruction of natural resources. Thereby, the degradation of soil and vegetation and the decrease in diversity are becoming increasingly serious, which further enhances the erosion and massive loss of soil and water. Therefore, the restoration and improvement of the ecological environment has been the focus of much social and scientific research [1]. In order to prevent environmental deterioration, many ecological projects have been implemented, among which afforestation is one of the most commonly used [2].



Semiarid chestnut soil areas, where agriculture and animal husbandry intersect, are typically representative of a fragile ecological region. There is little precipitation; however, the evaporation is large. Chestnut soil is dominant in these areas, with the characteristics of seasonal leach and calcium accumulation [3]. Due to overgrazing, uncontrollable reclamation, the continuous degradation of vegetation, and the intensification of desertification are prevalent. To restore the ecotype, many afforestation projects have been carried out. To a certain extent, the vegetation coverage and species diversity have been restored, and soil and water have been meliorated [4]. However, on the one hand, the soil constituents, such as organic matter and soluble salt, are leached. Moreover, low rainfall and high evaporation lead to a lack of a water supply for seedlings to survive and grow [5]. On the other hand, as a result of artificial activities, such as grassland reclamation, the chemical properties of chestnut soil tend to deteriorate. Degraded soil further leads to a change in the humus state of soils, and the deterioration of soil fertility [6]. Thereby, the survival and preservation rates of afforested seedlings have remained low, and growth has been badly restricted.



On account of the unsolved afforestation issue in semiarid chestnut areas, it is necessary to apply a technical method during the afforestation process in order to improve the effectiveness of the afforestation and the restoration of semiarid chestnut soil areas. In the academic field, there have been some preliminary studies on afforestation in this area. Most of these are theoretical experience summaries from grassroots forestry workers that concentrate on the exploration of land preparation and the selection of species, the forestation season, and density [7]. These studies provide a reference for afforestation in a semiarid chestnut soil area from a macroscopic perspective. There are few scientific studies that have focused on improving seedling and chestnut soil by additives, such as plant growth regulators or soil conditioners, through large-scale wild afforestation trials.



Many experiments and applications have shown that growth regulators, such as naphthalene acetic acid and gibberellin, can not only promote high-diameter seedling growth, but also improve the restoration of injured roots of transplanted seedlings [8,9,10,11]. However, these regulators are all chemical agents that have slightly toxic side effects on humans and animals. Other studies have indicated that a rhizobia and organic–inorganic fertilizer combination could efficiently reform the rhizosphere, promote the development of roots, and enhance the acclimatization of seedlings [12,13,14,15,16,17]. Nevertheless, the produced organic and inorganic fertilizers also contain manufactured chemical agents, and the application of natural rhizobia fertilizers and organic fertilizers is inconvenient and has a high cost.



Lately, a great deal of attention has been paid to additives that are more natural, safe, and low-cost. Yeast extract has become a hot topic in academic fields as it is nontoxic, nutritious, and convenient to apply. It is a kind of soluble paste or powder made from brewer’s yeast, or fresh yeast with high biological activity. Yeast extract is rich in effective constituents, such as low-molecular-weight organic matter, amino acids, nucleotides, peptides, nitrogen, phosphorus, and trace elements. Moreover, yeast extract is free of chemically synthesized hormones and toxic ingredients. Studies have revealed that the extract yield obtained from beer yeast is higher than that of other yeasts [18,19].



Yeast extract has been studied in the field of agriculture [20], where it has been indicated that yeast extraction could improve the yield and quality of needle mushrooms (Flammulina velutiper (Fr.) Sing) [21]. The application of yeast significantly increased the vegetative growth, yield, and quality of vegetables such as cucumber (Cucumis sativus L.) [22], head lettuce (Lactuca sativa L.) [23], potato (Solanum tuberosum L.) [24], eggplant (Solanum melongena L.) [25], turnip (Raphanus sativus L.) [26], and soybean (Glycine max (L.) Merrill) [27], and also led to an increase in elemental content, such as N, P, K, Fe, and Zn, in vegetables. Some of these studies have proved that the enhancement effects of yeast extracts were more pronounced than other additives, such as Methanol [27].



In the field of forestry, the beneficial effect of yeast extract has been proven mainly in saline–alkali site conditions. Yeast extraction could promote the growth of red gum plants (Eucalyptus camaldulensis Dehn.) in the parameters of plant, stern, branch, and leaf. The percentage of volatile oil in leaves was the highest when sprayed with a concentration of active yeast extraction at 200 mL/L [28]. Leucaena leucocephala (Lam.) de Wit plants under salinity stress could grow better with the help of yeast extract. At the same time, the reduction of vegetative growth caused by salt could also be recovered to some extent [29]. A treatment of yeast extract could markedly improve the growth parameters of date palm (Phoenix dactylifera L.) at a few months after the end of the acclimatization stage [30], and enhance the tolerance of date palm plantlets to soil salinity [31]. The effect of yeast extract on forestry has been preliminarily proven. However, the application of yeast extract as both a plant growth regulator and soil conditioner has been infrequently reported. Furthermore, there have been few reports on the application of yeast extract in semiarid areas.



Overall, this study aimed to verify the effect of the application of yeast extract on seedling growth enhancement and soil improvement in afforestation in a semiarid chestnut soil area. Based on the characteristics of the yeast extract, the relative reference, and the practical situation, we designed a treatment from two routes of application. The first one was an application to rhizosphere with different amounts; the second one was foliar spraying with different concentrations at different times. According to the orthogonal treatment groups, a wild field afforestation trial was conducted with two local common species: Pinus sylvestris L. var. mongholica Litv. and Armeniaca sibirica (L.) Lam. Yeast extract was applied during afforestation. At the end of the growing season, we acquired two sets of parameters: the survival rate, increment, and root parameters for two species were studied to reveal the enhancement of seedling growth; and the physical and chemical properties of the rhizosphere soil were analyzed to compare the improvement to the rhizosphere soil. In general, this study could be a reference for the restoration of the ecological environment in a semiarid chestnut soil area.




2. Materials and Methods


2.1. Site Description


The research site was located in Xinghe County, Wulanchabu City in Inner Mongolia, which is a typical semiarid chestnut soil area. The altitude ranges from 1191 m to 1310 m. The annual average temperature of Xinghe is 4.2 °C, with an extreme minimum temperature of −33.8 °C, and an extreme maximum of 42 °C. The annual precipitation is 380 mm, while the evaporation is 2062 mm. Chestnut soil dominates this area, from which soluble salts are leached. The profile shows that calcium carbonate has been deposited, forming a grayish-white compact calcium layer in the range of 20–60 cm. The natural plant community is mainly temperate grassland with some forest of deciduous shrubs and aciculisilvae. Common plant species are Amorpha fruticosa Linn., Lespedeza daurica (Laxm.) Schindl, Artemisia gmelinii, and Thymus mongolicus Ronn. Locally, many afforestation projects have been implemented since the 1970s; however, the lack of technology and conservation management has led to many inefficiencies [32].




2.2. Materials


The yeast extract used in this study was produced by beer yeast from a biotechnological company (Tangshan Tuopo Biotechnology, Tangshan, China), and was a yellow dry powder. The nutritional contents are shown in the Table 1.



The seedlings were three-year Pinus sylvestris in a container, and catted two-year Armeniaca sibirica with a bare root. To ensure the uniformity of the utilized seedlings, seedlings with almost the same length and diameter were selected.




2.3. Treatment Groups


This study was conducted by an orthogonal experiment, and different levels of variables were considered, which are shown in Table 2. Five levels for the application amount to the rhizosphere soil, ranging from 0 g (control set) to 40 g per seedling, were set. At the same time, yeast extract was foliar sprayed with different concentrations ranging from 0% (control set) to 2% at three moments: after forestation (AF), after the leafing of the nursery stock (AL), and in the middle of the vigorous growth period (GP). After orthogonality, 25 treatment groups were finally obtained, and are shown in Table 3.




2.4. Preparation of the Experimental Site


The form of the site’s preparation was level trenches, which were completed in the fall of 2015 by an excavator with the specification of 250 cm × 80 cm × 80 cm. In April 2017, two 75 m × 40 m sites were selected for planting Pinus sylvestris and Armeniaca sibirica, respectively. The graphical representation of each site is shown in Figure 1. Corresponding to the 25 groups, each site had 25 planting holes along the trench. Fifteen rows were in the slope direction to be repetitions. Two seedlings were planted in each hole. Each treatment group had 30 repetitions. There were 750 seedlings for each plant in total. The experiment was located within a larger area also planted with seedlings, so edge effects are likely minimal.



The distribution of treatments in the study was non-random, and replicates within each treatment were not dispersed. This experimental arrangement could potentially allow environmental gradients in the soil or in the field to cause spurious treatment effects. However, due to the large number of repetitive treatments, and the fact that treatment effects and trends were consistent with hypothesized treatment effects, we suspect that environmental gradients had little discernible effect on our results.




2.5. Procedure of the Experiment


1. Afforestation preparation



The seedlings were brought to the field before dawn on the afforestation day. We selected the seedlings and dispersed them to the planting holes randomly.



2. Addition of yeast extract



The moderate soil of the planting holes was loosened with a shovel. According to the 25 treatments during the afforestation, the corresponding amounts of yeast extract were adequately mixed with loose soil. Then, the seedlings were planted while ensuring that the rhizosphere soil contained yeast extract.



3. Irrigation of water



In order to control the variable of water irrigation, the water control equipment [33] was used to irrigate the seedlings, ensuring 200 L of water for each planting hole.



4. Foliar Spraying



Different concentrations of diluted yeast extract were evenly and fully sprayed on the seedlings at the end of April, the end of May, and early July, respectively.




2.6. Recording, Sampling, and Measurement


After the end of the growing season in 2017, we recorded the survival and measured the growth of each seedling. To determine the growth of seedlings due to their growth characteristics, the increment of the main bough of Pinus sylvestris was measured, and the total length of the new branches of Armeniaca sibirica was detected. According to the growth results, the three seedlings closest to the mean vales were chosen to determine the root properties. The roots were dug out and cleaned cautiously, then the lengths, surface areas, and tips were determined and analyzed using the WinRHIZO-EC root analysis system (Regent Instrument Inc., Quebec, QC, Canada).



To determine the physicochemical properties of the soil, samples were collected from three layers of depth 0–20 cm, 20–40 cm, and 40–60 cm. The oven-drying method was used to measure the moisture of the soil at 105 °C. The bulk density and porosity were determined using the cutting-ring method [34]. The organic matter contents were measured by titration with potassium dichromate. Using the graphite digestion method, the contents of total nitrogen and total phosphorus were assayed by a Smartchem 200 Discrete Auto Analyzer (AMS Alliance, Rome, Italy) [35]. An Mp523-03 calcium concentration meter (Shanghai Sanxin, China) was used to assay the calcium carbonate contents. pH and conductivities were determined by MP522 precision pH and conductivity meters (Shanghai Sanxin, China), respectively [36].




2.7. Statistical Analysis


The data from the orthogonal experiment were subjected to an analysis of variance by SPSS 17.0. Multiple comparisons with the least significant difference (L.S.D.) at the 0.05 level were used for each investigated characteristic under different assigned treatments [37].





3. Results


3.1. Effects on Survival and Growth


The survival rates with different application amounts to the rhizosphere soil of the two species showed a trend of increment (Table 4). For Pinus sylvestris, there were significant differences between the application amounts of 20 g, 30 g, and 40 g and the control treatments at a level of 0.05. A significant effect on the survival rate of Armeniaca sibirica was also noticed under the three treatments. The treatment of 40 g of yeast extract gave the highest significant value of 95.13% and 88.19% for Pinus sylvestris and Armeniaca sibirica, respectively, 14.67% and 17.59% higher than the lowest mean value that occurred under the control treatment, respectively. Different levels of foliar spraying did not significantly affect the survival rates. Both species showed an increasing trend as the foliar concentration increased. The survival rate of Armeniaca sibirica was the highest when sprayed after the leafing of the seedlings. For Pinus sylvestris, spraying after forestation was the best treatment. It is obvious that the amount with a greater range influenced the survival of the two species the most, while foliar spraying had less of an effect on the survival rate. In general, the optimal combination to improve the survival rate of Pinus sylvestris and Armeniaca sibirica was 40 g, 2%, and AF and 40 g, 2%, and AL, respectively.



Progressive significant growth of Pinus sylvestris and Armeniaca sibirica was achieved with the application of yeast extract. When 40 g of yeast extract was applied to the rhizosphere soil, the growth of Pinus sylvestris reached 19.47 cm, and the total length of the new shoots of Armeniaca sibirica was 347.35 cm, which was significantly higher than that under the control treatment. Foliar spraying at concentrations of 1.5% and 2% had a remarkable effect on the growth of both species, with a significant difference at the 0.05 level. A 2% yeast extract treatment exhibited 21.22 cm in the growth of Pinus sylvestris, 9.04 cm higher than the yeast-free treatment. The length of the new branches of Armeniaca sibirica increased from 141.85 cm to 322.63 cm when sprayed with a 2% yeast extract. Spraying after leafing had the best effect on the growth of Pinus sylvestris, 5.51 cm higher than the growth obtained with spraying after forestation with a significant difference. The new branches of Armeniaca sibirica sprayed after leafing were also the longest, reaching 309.40 cm, which was significantly higher than the 184.73 cm of the AF treatment. According to the ranges, the amount applied to the rhizosphere soil and the concentration of the foliar spraying mainly affected the growth. To improve the growth of the two species, the optimal combination was 40 g, 2%, and AL.




3.2. Effects on Root Parameters


As expected, by augmenting the application amount of yeast extract, the root length of the two species gradually increased (Table 5). Accompanied by a significant difference, the 40 g treatment brought about the highest values of 14,109.7 cm and 7662.11 cm, respectively. There was no significant difference between the results under different foliar spraying treatments, although slight increases were induced for the two species. The 2% spraying concentration gave the longest root at 10,497.6 cm for Pinus sylvestris, which also resulted in the highest stimulation for the root length of Armeniaca sibirica. The mean value of the root length of Pinus sylvestris was the greatest when sprayed after leafing, while the length of Armeniaca sibirica sprayed in the middle of the vigorous growth period was the longest. On the basis of the ranges, the amount applied to the rhizosphere soil was the main influencing factor. The optimal combinations to improve the root length of Pinus sylvestris and Armeniaca sibirica were 40 g, 2%, and AL and 40 g, 2%, and GP, respectively.



The application of the yeast extract to the rhizosphere soil had a pronounced influence on the surface area of the root for Pinus sylvestris and Armeniaca sibirica (Table 5). When 40 g of yeast extract was applied, the surface areas of Pinus sylvestris and Armeniaca sibirica reached 5526.71 cm2 and 1583.14 cm2, respectively, which were more than doubled when compared to the control treatments with a significant difference. Spraying yeast did not significantly affect the root surface area of both species at the 0.05 level, and could be slightly enlarged with an increasing trend. The mean value of Pinus sylvestris sprayed with the 2% yeast extract increased by 732.46 cm2 over the mean value of Pinus sylvestris sprayed with the control treatment. The mean value of Armeniaca sibirica increased by 321.90 cm2. The amount applied to the rhizosphere soil with the largest ranges was the main influencing factor, and the effects of the foliar spraying concentration and time on the root surface were weak. For Pinus sylvestris and Armeniaca sibirica, the optimal combination to enlarge the surface area of the roots was 40 g, 2%, and AL and 40 g, 2%, and GP, respectively.



As shown in Table 5, the larger the application amount, the greater the number of root tips for the two species. Compared to the control treatment, the 40 g treatment gave the highest mean values of tips for Pinus sylvestris and Armeniaca sibirica of 127,636 and 92,786.6, respectively, with significant differences, while the foliar spraying of yeast extract aggrandized the root tips of the two species slightly with no significant difference. The values of the 2% treatment were increased by 35,695.4 and 18,007.2 for Pinus sylvestris and Armeniaca sibirica, respectively, when compared with the control treatment. The value of Armeniaca sibirica was greater when sprayed after leafing. For both species, the soil application amount was still the main influencing factor. The optimal combination to increase the number of root tips was 40 g, 2%, and AF and 40 g, 2%, and AL for Pinus sylvestris and Armeniaca sibirica, respectively.




3.3. Effects on Physical Properties of the Rhizosphere Soil


Since there were few direct effects of the foliar spray on the soil properties, only the amount applied to the rhizosphere soil was taken into account for the analysis of the soil properties.



As can be seen from Figure 2a, gradual increases in the capillary porosities of the rhizosphere soil occurred with an increasing amount of yeast extract. For soil at a depth of 0–20 cm, the capillary porosity was increased by 4.96% with the application amount of 40 g. There were significant increments in the mean values between the 20 g, 30 g, and 40 g treatments and the yeast-extract-free treatment for soil of the middle layer. The best effect on the soil at the deep layers also resulted under the 40 g treatment, which was increased by 5.12% with a significant difference at the 0.05 level.



Consistent with the capillary porosity, the application of yeast extract was recorded incrementally for the total porosities of the three layers soil (Figure 2b). Among the five levels, the amount of 40 g gave the highest mean value for the top layer at 54.40% with a significant difference. The total porosity of the 20–60 cm layer also increased observably at the amounts of 20 g, 30 g, and 40 g. The range between the 40-g treatment and the control treatment for the soil of the mid layer was 11.37%, which was significant at the 0.05 level.



As the application amount increased, the bulk densities of soil of the three layers decreased (Figure 2c). The values of the 0–20 cm layer decreased by 0.07 g/cm3 under the 40 g yeast extract treatment with a significant difference at the 0.05 level. The application amounts of 20 g, 30 g, and 40 g caused a conspicuous decrement in the rhizosphere soil at a depth of 20–60 cm, especially for the soil of the mid layer, which decreased from 1.44 g/cm3 to 1.22 g/cm3 by applying the 40 g yeast extract treatment.



As presented in Figure 2d, the application of yeast extract increased the moisture content of the rhizosphere soil. As the application amount reached 30 g and 40 g, a remarkable increase could be found for the soil of the top layer. For soil at a depth of 20–60 cm, there were significant differences between the mean moisture content values of the 20 g, 30 g, and 40 g treatments and the control treatment. The mean moisture content values could be increased to a maximum of 13.04% and 10.84%.




3.4. Effects on Chemical Properties of the Rhizosphere Soil


As shown in Figure 3a, the yeast extract slightly reduced the calcium carbonate content. The calcium carbonate of the 0–20 cm layer was reduced by 11.96 mg/g with a significant difference at the 0.05 level. However, the yeast extract did not have a significant effect on the decrease of the calcium carbonate content of the rhizosphere soil at the depth of 20–60 cm. The mean values were decreased by 20.35 mg/g and 17.08 mg/g for the 0–20 cm layer and the 20–60 cm layer, respectively.



It was noted that the application of yeast extract increased the conductivities of the rhizosphere soil (Figure 3b). Higher amounts of yeast extract were much more effective. When the amount reached 40 g, the conductivity of the top layer reached 179.72 μs/cm. The mean values of the middle and bottom layers were increased by 30.42 μs/cm and 14.64 μs/cm, respectively. The lowest result were found for the control treatment, which was significantly different from the result of the 30 g and 40 g treatments at the 0.05 level.



Progressive increments in the organic content of the soil are shown in Figure 3c. The greater the amount was, the higher the content. Thus, the 40 g yeast extract treatment had the most ameliorating effect on the organic content of the soil. The contents of the top, middle, and bottom layers were increased to a maximum of 2.16 mg/g, 2.33 mg/g, and 2.03 mg/g, respectively. For soil at a depth of 20–60 cm, there were significant differences between the control treatment and the 20 g, 30 g, and 40 g treatments at the 0.05 level. A much greater efficiency for the top layer was observed with the application amounts of 30 g and 40 g.



Figure 3d show that the application of the yeast extract raised the total nitrogen contents of the rhizosphere soil. For the soil of the top layer, the contents were significantly increased in response to the application of 30 g and 40 g of yeast extract, reaching 1.44 mg/g and 1.59 mg/g, respectively. The pronounced rise in the nitrogen content in the soil in the 20–40 cm layer occurred with the amounts of 20 g, 30 g, and 40 g, which had significant differences from the control treatment. Soil of the 40–60 cm layer had the most total nitrogen content of 1.00 mg/g under the 40 g treatment.



Figure 3e shows that the yeast extract had a remarkable positive effect on the total phosphorus content of the soil. Significant increments for the soil of the middle layer were noticed with the application of 20 g, 30 g, and 40 g of yeast extract, maximally reaching 0.86 mg/g and 0.82 mg/g. The lowest content of phosphorus resulted from the control treatment. For soil of the 0–20 cm and 40–60 cm layers, the application amounts of 30 g and 40 g were found to be effective for increasing the total phosphorus content, which increased by 0.22 mg/g and 0.24 mg/g, respectively.



As the application amount increased, the pH of the soil of each layer gradually decreased, as shown in Figure 3f. Significant differences at the 0.05 level were recorded at the application amounts of 30 g and 40 g for the 0–40 cm soil layer. The treatment of 40 g gave the best mean values of 7.61, 8.09, and 8.26 for the soil of the top, middle, and bottom layers, respectively.





4. Discussion


4.1. Survival and Growth


It was observed from the results on the survival rate and growth that the application of yeast extract to rhizosphere soil could improve the survival and growth of Pinus sylvestris and Armeniaca sibirica seedlings. The three levels of yeast extract showed a significant enhancement to the survival of Pinus sylvestris. Among them, the survival rate increased from 80.47% to 95.13% with the 40 g treatment. Amounts over 20 g were also effective for Armeniaca sibirica, where the survival rate was increased from 70.60% to 88.19%. Furthermore, the 30 g and 40 g treatments provided a significant improvement for the growth of Pinus sylvestris, while for Armeniaca sibirica, only the 40 g treatment significantly stimulated burgeon and growth. As a broad leaf seedling with a bare root, Armeniaca sibirica needed more yeast extract to improve its growth. These results correspond to those by Darwesh on date palm, who expounded that the growth parameters of date palm could be markedly increased by a combination of 50 cm/L yeast and 6 cm/L amino acids [31]. Sampedro et al., through studies on soybean, indicated that a 5% yeast extraction increased shoot initiation, shoot length, and fresh and dry weight [38]. These effects might be attributed to the nutrient supply from the yeast extract and its improvement on the rhizosphere soil’s properties. The organic fertilizer and elements from the yeast extract fulfilled the nutritional requirements of the seedlings. In addition, the components of yeast extract, which contain the precursor of indoleacetic acid, played a crucial role. The application of yeast extract to rhizosphere soil might significantly increase the indole content of seedlings. A high indole content contributes to building resilience in, and enhancing the suction of, plant cells.



The foliar spray did not have a significant influence on survival rates. However, it played a vital role in the growth of both Pinus sylvestris and Armeniaca sibirica. The concentrations of 1.5% and 2% significantly heightened the growth of both species, with the maximum ranges of 9.04 cm and 180.78 cm, respectively. By this token, compared with survival, the foliar spray of the yeast extract had a stronger direct impact on growth. With regard to spray time, new leaves sprouting and shooting is the best moment for the yeast extract to be fully absorbed and utilized. This is the most efficient time due to the yeast extract being rich in phytohormones, such as cytokinins, vitamins, enzymes, amino acids, and minerals, which have a stimulatory effect on cell division and enlargement. In addition to the synthesis of protein and nucleic acids, the yeast extract efficiently helped the seedlings to form chlorophyll [21]. Thus, the seedlings were well-germinated and supplied, especially at the time of initiation. Similar results were recorded by Nassar et al., who drew the conclusion that a foliar spray of yeast extraction could improve the growth characteristics of Leucaena plants to resist salinity stress [29]. Dawood reported that the growth, yield, and quality of soybean plants could be improved by a yeast extraction spray [26]. Mady, who foliar-sprayed yeast extraction at 50 mL/L and zinc at 75 ppm on faba bean, reported a positive effect on yield and seed quality [39].




4.2. Root Properties


The results on root properties indicate that the application of yeast extract to rhizosphere soil is beneficial for root development, with a rising trend. The application amounts of 30 g and 40 g significantly increased the root properties of Pinus sylvestris. The root length and tips of Armeniaca sibirica were affected by the 20 g, 30 g, and 40 g treatments. The surface area increased under the application amounts of 30 g and 40 g. In contrast to survival and growth, the bare root showed a brisker response to the increase in the amount, which may reflect that it is easier for yeast extract to be absorbed by bare root seedlings. The foliar spray improved the three root parameters of both species a little, but with no significant difference at the 0.05 level. These results were ascribed to the constituent of the yeast extract that acts on seedling roots. Firstly, the yeast extract had a nutrient addition effect on the growth of the root. Secondly, yeast treatments have been suggested to play a beneficial role through improving the content of auxins and cytokines [40]. Thirdly, beside the abovementioned indoleacetic acid, yeast extract could facilitate roots with an osmotic adjustment by improving and accumulating compatible solutes called ‘‘osmolytes’’ in the cells of seedling roots. “Osmolytes’’ are synthesized from the proteins, carbohydrates, and amino acids that were supplied by the yeast extract [30,41]. In this way, seedling roots could be maintained with yeast extract to grow better in a semiarid chestnut soil area. These results are in agreement with Darwesh on Phoenix dactylifera cv., who reported a positive effect of yeast on root length and numbers [30]. Shafeek on turnip indicated that the application of yeast extract had a stimulating effect on growth characteristics, such as root length [25].




4.3. Physical Properties


It can be seen from the results that the physical properties of chestnut soil were improved by the application of yeast extract. Higher treatment amounts resulted in better properties. The promotion effect on the physical properties was attributed to the agglutination of soil particles by the application of the yeast extract. The organic fertilizer from yeast extract may stimulate the microbial activity in soil, which brings about a more decomposed organic matter and aggregate structure in the soil. With the formation of a stable aggregate structure of the soil, more capillary puros appeared [16,42]. The 40 g treatment increased the total porosity of the top, middle, and bottom soil layers by 5.49%, 11.37%, and 8.61%, respectively. Greater porosity leads to a decrease in bulk densities and the increment space for water storage. Thus, the bulk densities of the chestnut soil of the top, middle, and bottom layers were lowered from 1.20 g/cm3, 1.44 g/cm3, and 1.55 g/cm3 to 1.13 g/cm3, 1.22 g/cm3, and 1.38 g/cm3, respectively. Moistures were augmented up to 14.61%, 13.04%, and 10.84%, respectively. These results are similar to those from a study on the improvement of the physical properties of chestnut soil by coal ash [43]. With the addition of coal ash, the blocky structure of the chestnut soil was improved. Porous soil led to an increment in the porosity and moisture content, and a decrement of the bulk density [43]. Wang’s study on the fertility of chestnut soil also confirmed a similar result [44]. It is worth mentioning that, compared with the soil a depth of 0–20 cm, the effect of a certain amount of yeast extract on deep soil was more remarkable, especially for soil at a depth of 20–40 cm. There is a possibility that, after irrigation, some of the yeast extract that was applied to the soil was leached to deeper layers with the permeation of water. Nevertheless, it is a good result for seedlings whose root is mainly distributed below 20 cm.




4.4. Chemical Properties


The results of this study showed that yeast extract had an effect on the chemical properties of chestnut soil. Due to the yeast extract being rich in nutrients, the fertility of the chestnut soil was improved as anticipated. The organic content of the top, middle, and bottom soil layers was improved up to 9.85 mg/g, 5.68 mg/g, and 5.60 mg/g, respectively. The content of total nitrogen and total phosphorus was also significantly increased with the application amounts of 30 g and 40 g. These results corresponded with those from the study on improving the chemical properties of chestnut soil by coal ash, which stated that coal ash could improve the chemical properties of chestnut soil [45]. Consistent with the physical properties, the effects on soil of the mid layer were more significant.



The conductivity of the soil was increased by the yeast extract, mainly because the ionic nutrients in the yeast extract supplemented the loss of leached ions in the chestnut soil. Thus, there were more soluble ions in the soil for absorption and utilization by the seedlings. Furthermore, the yeast extract, which is acidic, reduced the calcium pH with ranges of 0.51, 0.70, and 0.62.



However, it should be noted that with the increase in the application amount, the decrement of the calcium carbonate content in the soil below 20 cm was not significant. This might have resulted from the fact that the yeast extraction is rich in amino acids, which can be divided into two types according to their molecular structure: non-polar amino acids and polar amino acids. Non-polar amino acids, such as alanine (Ala) and tryptophan (Trp), are not electrolyzed in water, and have no effect on the mineralization of calcium carbonate. Polar amino acids, such as glycine (Gly) and glutamine (Gln), affect the mineralization of calcium carbonate. When the pH of the environment is higher than that of the amino acid, the polar amino acid releases protons, keeping a negative charge. At this time, the negatively charged amino acid will attract Ca2+ ions, causing an increase in the ion concentration of Ca2+, which would further lead to the oversaturation and accumulation of calcium carbonate. When the pH of the environment is lower than that of the polar amino acids, CO32− ions will be attracted, producing an oversaturation and accumulation of calcium carbonate [46]. Relevant studies have also shown that glycine, serine, cysteine, and lysine all promote the mineralization of calcium carbonate [47]. Changes in amino acid concentration affect the amount and size of the mineralized product. Calcium carbonate deposition was stabilized in the presence of alanine, lysine, and glutamic acid [48].



The economic cost of the yeast extract was about RMB 35 per kilogram, which means that RMB 1.4 for one seedling would bring about a remarkable improvement in afforestation. This was not inexpensive, but had a relatively high-performance cost ratio. So, it was considered that applying yeast extract is a method with some economic potential.





5. Conclusions


It was verified in this study that the application of yeast extract had a beneficial effect on promoting seedling growth and improving the soil in afforestation in a semiarid chestnut soil area. For Pinus sylvestris and Armeniaca sibirica, the amount applied to the rhizosphere soil was the key factor in increasing the survival rate, with the best treatment of 40 g, while foliar spraying played a crucial role in enhancing the growth of seedlings. The phytohormones from the yeast extract may be able to stimulate the growth of both species. The highest mean values were given by foliar spraying of a 2% yeast extract after the leafing of the seedlings. The application of the yeast extract to rhizosphere soil had a significant effect on root properties, possibly by increasing the content of auxin and cytokinin and facilitating an osmotic adjustment. The root length, surface area, and number of tips were increased by the 30 g and 40 g treatments.



The yeast extract had an effect on improving the physicochemical properties of chestnut soil at the optimized amount of 40 g, especially for the 20–40 cm layer, where the roots are mainly located. More agglutination and cementation led to an increase in the porosity and moisture content and a decrease in the bulk density. Due to the nutrients in the yeast extract, the fertility of chestnut soil could be improved due to the increased contents of organic matter, total nitrogen, total phosphorus, and conductivities. Furthermore, the pH and calcium carbonate content were slightly reduced, and accompanied by the mineralization of amino acids.



Overall, the application of yeast extract can be considered as a method for afforestation in a semiarid chestnut soil area as both a plant growth promoter and soil conditioner. The combination of applying 40 g to soil and foliar spraying of 2% after the leafing of the seedling is recommended. Notwithstanding, this is a tentative exploration of its application, and we offer a beneficial approach to solving the afforestation problem that can be applied in the ecological restoration of a semiarid chestnut soil area.



This study is an exploration of a yeast extract application in the afforestation of a semiarid chestnut soil area. The effects of greater levels of yeast extract on other species need to be studied. As a superior plant growth regulator and soil conditioner, yeast extract could probably be applied in combination with other materials to chestnut soil or even applied in other regions.
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Figure 1. A graphical representation of the experimental site. Corresponding to the 25 treatment groups, there were 25 planting holes along the level trench. Two seedlings were planted in each hole, and 15 rows were in the slope direction. Each treatment group had 30 repetitions. 
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Figure 2. The effect of the application of yeast extract on the physical properties of rhizosphere soil from the three layers. (a) Capillary porosities of rhizosphere soil to which has been applied different amounts of yeast extract; (b) Total porosities of rhizosphere soil to which has been applied different concentrations of yeast extract; (c) Bulk densities of rhizosphere soil to which has been applied different concentrations of yeast extract; and (d) Moisture contents of rhizosphere soil to which has been applied different concentrations of yeast extract. In each graph, the bars with the same color and no common letters have a significant difference at the 0.05 level. 
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Figure 3. The effect of the application of yeast extract on the chemical properties of rhizosphere soil from the three layers. (a) CaCO3 content of rhizosphere soil to which has been applied different amounts of yeast extract; (b) Conductivities of rhizosphere soil to which has been applied different concentrations of yeast extract; (c) Organic contents of rhizosphere soil to which has been applied different concentrations of yeast extract; (d) Total nitrogen contents of rhizosphere soil to which has been applied different concentrations of yeast extract; (e) Total phosphorus contents of rhizosphere soil to which has been applied different concentrations of yeast extract; and (f) pH of rhizosphere soil to which has been applied different concentrations of yeast extract. In each graph, the bars with the same color and no common letters have a significant difference at the 0.05 level. 
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Table 1. The nutritional contents of the yeast extract.






Table 1. The nutritional contents of the yeast extract.











	Nutrient
	Content
	Nutrient
	Content





	Nucleic acid
	13.9 g/100 g
	Vitamin B1
	23.2 mg/100 g



	Nucleotide
	50.1 mg/100 g
	Vitamin B2
	7.2 mg/100 g



	Niacin
	28.7 μg/100 g
	Vitamin B6
	3.43 mg/100 g



	Folic acid
	1.43 × 103 μg/100 g
	Vitamin B12
	22.5 mg/100 g



	Pantothenic acid
	7.82 × 103 μg/100 g
	Inositol
	279 mg/100 g



	Total amino acids
	50.95 g/100 g
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Table 2. The factors and levels of the orthogonal experiment L25 (52 × 31). There were 2 factors with 5 levels and 1 factor with 3 levels.
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Factors

	
Application to Rhizosphere Soil Amount (g)

	
Foliar Spraying Concentration (%)

	
Foliar Spraying Time




	
Levels

	






	
1

	
0

	
0

	
After forestation (AF)




	
2

	
10

	
0.5

	
After leafing (AL)




	
3

	
20

	
1

	
Middle of the growth period (GP)




	
4

	
30

	
1.5

	




	
5

	
40

	
2
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Table 3. The treatment groups L25 (52 × 31). There were 2 factors with 5 levels and 1 factor with 3 levels.
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	No.
	Application Amount to Rhizosphere Soil (g)
	Foliar Spraying Concentration (%)
	Foliar Spraying Time





	1
	40
	1.5
	After forestation (AF)



	2
	20
	0.5
	After forestation (AF)



	3
	20
	0
	After leafing (AL)



	4
	0
	2
	After forestation (AF)



	5
	0
	1.5
	After leafing (AL)



	6
	0
	1
	After leafing (AL)



	7
	10
	2
	After leafing (AL)



	8
	10
	1
	Middle of the growth period (GP)



	9
	10
	0.5
	After forestation (AF)



	10
	30
	2
	Middle of the growth period (GP)



	11
	20
	1.5
	Middle of the growth period (GP)



	12
	40
	1
	After leafing (AL)



	13
	40
	0.5
	After leafing (AL)



	14
	0
	0
	After forestation (AF)



	15
	10
	0
	After forestation (AF)



	16
	30
	0.5
	After leafing (AL)



	17
	10
	1.5
	After leafing (AL)



	18
	20
	1
	After forestation (AF)



	19
	20
	2
	After leafing (AL)



	20
	40
	0
	Middle of the growth period (GP)



	21
	30
	1
	After forestation (AF)



	22
	40
	2
	After forestation (AF)



	23
	30
	1.5
	After forestation (AF)



	24
	30
	0
	After leafing (AL)



	25
	0
	0.5
	Middle of the growth period (GP)
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Table 4. Effect of the application of yeast extract on the survival rates (%) and growth (m) of Pinus sylvestris and Armeniaca sibirica. AF, After Forestation; AL, After Leafing; GP, middle of the growth period. Averages with no common letters have a significant difference at the 0.05 level.
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Factors

	
Levels

	
Survival Rate (%)

	
Growth (cm)




	
Pinus sylvestris

	
Armeniaca sibirica

	
Pinus sylvestris

	
Armeniaca sibirica






	
Amount applied to the rhizosphere soil (g)

	
0

	
80.47 ± 4.10 a

	
70.60 ± 4.79 a

	
10.64 ± 5.90 a

	
151.72 ± 97.29 a




	
10

	
86.47 ± 6.53 ab

	
79.20 ± 9.22 ab

	
15.97 ± 7.04 ab

	
227.55 ± 162.8 ab




	
20

	
89.13 ± 2.94 bc

	
82.53 ± 7.81 b

	
17.01 ± 4.06 ab

	
266.01 ± 125.2 ab




	
30

	
91.80 ± 5.22 bc

	
83.60 ± 11.0 b

	
17.96 ± 4.04 b

	
293.09 ± 115.6 ab




	
40

	
95.13 ± 5.02 c

	
88.19 ± 8.64 b

	
19.47 ± 4.38 b

	
347.35 ± 49.99 b




	
Foliar spraying concentration (%)

	
0

	
87.27 ± 8.20 a

	
78.33 ± 10.1 a

	
12.17 ± 5.18 a

	
141.85 ± 110.0 a




	
0.5

	
88.60 ± 6.35 a

	
80.06 ± 11.6 a

	
14.34 ± 6.28 ab

	
240.61 ± 149.8 ab




	
1

	
89.27 ± 9.02 a

	
81.73 ± 9.30 a

	
14.12 ± 4.72 ab

	
277.63 ± 132.3 ab




	
1.5

	
88.60 ± 5.01 a

	
81.00 ± 5.92 a

	
19.19 ± 2.47 bc

	
303.01 ± 37.77 b




	
2

	
89.27 ± 7.62 a

	
83.00 ± 14.4 a

	
21.22 ± 5.09 c

	
322.63 ± 123.2 b




	
Foliar spraying time

	
AF

	
89.07 ± 7.70 a

	
80.40 ± 9.86 a

	
13.77 ± 4.95 a

	
184.73 ± 111.0 a




	
AL

	
88.74 ± 4.83 a

	
82.13 ± 8.83 a

	
19.28 ± 4.16 b

	
309.40 ± 112.6 b




	
GP

	
87.40 ± 9.33 a

	
79.06 ± 13.3 a

	
14.94 ± 7.66 ab

	
297.47 ± 126.0 ab
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Table 5. Effect of the application of yeast extract on the root parameters of Pinus sylvestris and Armeniaca sibirica. AF, After Forestation; AL, After Leafing; and GP, middle of the growth period. Averages with no common letters have a significant difference at the 0.05 level.
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Factors

	
Levels

	
Length (cm)

	
Surface Area (cm2)

	
Tips




	
Pinus sylvestris

	
Armeniaca sibirica

	
Pinus sylvestris

	
Armeniaca sibirica

	
Pinus sylvestris

	
Armeniaca sibirica






	
Amount applied to the rhizosphere soil (g)

	
0

	
6501.63 ± 3894.06 a

	
2737.15 ± 1103.00 a

	
2658.25 ± 1737.87 a

	
731.654 ± 457.14 a

	
75,908.8 ± 25,535.4 a

	
52,265.6 ± 19,338.0 a




	
10

	
7175.39 ± 3976.21 ab

	
4179.69 ± 1785.65 ab

	
3103.28 ± 1355.77 ab

	
1135.96 ± 423.40 ab

	
82,705.8 ± 39,028.4 ab

	
66,702.6 ± 16,151.9 ab




	
20

	
9520.88 ± 2440.00 ab

	
5342.35 ± 2107.55 bc

	
3992.11 ± 712.048 abc

	
1044.89 ± 459.82 abc

	
84,511.6 ± 13,542.1 ab

	
75,875.0 ± 19,724.8 bc




	
30

	
11,117.8 ± 3208.97 bc

	
6436.59 ± 2789.68 bc

	
4686.71 ± 1268.14 bc

	
1366.24 ± 527.30 bc

	
114,475 ± 28,394.8 bc

	
75,347.2 ± 15,586.3 bc




	
40

	
14,109.7 ± 2767.72 c

	
7662.11 ± 1444.63 e

	
5526.71 ± 1094.93 c

	
1583.14 ± 175.95 c

	
127,636 ± 27,352.5 c

	
92,786.6 ± 12,474.1 c




	
Foliar spraying concentration (%)

	
0

	
8808.55 ± 3530.21 a

	
3915.87 ± 2345.52 a

	
3572.63 ± 1759.44 a

	
1013.94 ± 330.40 a

	
81,785.6 ± 22,686.6 a

	
61,845.0 ± 10,093.3 a




	
0.5

	
9191.81 ± 5695.90 a

	
4992.44 ± 3340.24 a

	
3981.10 ± 2226.82 a

	
1069.09 ± 540.08 a

	
88,521.8 ± 27,923.8 a

	
68,740.4 ± 27,723.4 a




	
1

	
9548.88 ± 3083.64 a

	
5020.88 ± 1646.95 a

	
3883.64 ± 1582.96 a

	
1233.13 ± 447.69 a

	
87,151.8 ± 36,033.1 a

	
73,563.4 ± 13,541.3 a




	
1.5

	
10,378.6 ± 2867.78 a

	
5956.20 ± 2431.69 a

	
4224.60 ± 959.302 a

	
1209.88 ± 378.84 a

	
110,296 ± 38,757.7 a

	
78,976.0 ± 24,293.9 a




	
2

	
10,497.6 ± 6094.68 a

	
6472.49 ± 2633.53 a

	
4305.09 ± 1739.39 a

	
1335.84 ± 651.60 a

	
117,481 ± 33,669.4 a

	
79,852.2 ± 24,290.8 a




	
Foliar spraying time

	
AF

	
9040.27 ± 4770.78 a

	
4967.58 ± 2281.82 a

	
3676.25 ± 1476.08 a

	
1095.87 ± 411.83 a

	
107,022 ± 34,269.7 a

	
72,020.3 ± 22,295.4 a




	
AL

	
10497.1 ± 3579.43 a

	
5114.55 ± 2506.78 a

	
4455.27 ± 1244.72 a

	
1113.27 ± 421.31 a

	
94,511.2 ± 22,041.3 a

	
77,611.4 ± 18,473.1 a




	
GP

	
9350.64 ± 4430.75 a

	
6193.65 ± 3142.01 a

	
3704.00 ± 2377.59 a

	
1443.61 ± 597.96 a

	
82,168.8 ± 46,875.0 a

	
63,713.6 ± 21,596.1 a












© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  forests-10-00076


  
    		
      forests-10-00076
    


  




  





media/file5.png
CaCOj; content mg/g

Organic content mg/g

Total phosphorus content mg/g

200 =200
L
2
160 2160
=
S
120 120
E 00-20cm
Q
80 80 [20-40cm
m40-60cm
40 40
O = z — * et O tH H HH HH HH
0 10 20 30 40 0 10 20 30 40
Application amount to rhizosphere soil g Application amount to rhizosphere soil g
(a) (b)
12
50 2
en
10 = 6 be
5 ab
8 =
S1.2 i
6 §D ab 4 ¢
£08
4 8=
<
) c 0.4
0 HH B 0 : H H -
0 10 20 30 40 0 10 20 30

40
Application amount to rhizosphere soil g Application amount to thizosphere soil g

(c) (d)

1
10
pH

0.8 9

0.6 8

0.4 7

0.2 6
0 5 i L_E:i} _Eh | I3
0 10 20 30 40

0 10 20 30 40
Application amount to rhizosphere soil g

(e) (f)

Application amount of rhizosphere soil g





media/file3.png
Capillary porosity %

Bulk density g/cm?

40

30

20

0.9

0.7

0.5

0 10 20 30 40
Application amount to rhizosphere soil g

(a)

0 10 20 30 40

Application amount to rhizosphere soil g

(c)

Total porosity %

moisture content %

60

50

40

30

20

15

12

10 20 30 40
Application amount to rhizosphere soil g

(b)

0 10 20 30 40

Application amount to rhizosphere soil g

(d)

00-20cm
B20-40cm

E40-60cm





media/file1.png
30 repetitions
for each group

ALIEIEIEIE W__M__M_w_m_ FIEIEIEIEL
<EIEIEIEIE FIEIEIEE EIEIEEE
SEIEIEIEIE CEIETEET EIEIEIEIE
SEIEIEIEIE EIEIEIEE EIEIEEE
SEIEIEIEIE w__w__w_m__w_ BIB(EEE

-BEEEE BEEEE BEEEE
< EIEIEIEIE FIEIEIEET EIEIEIEIE
~EIENEIEIE CIEIEIEET EIEIEIEIE
~EIEIEIEIE FIEIEIEE EIEIEEE
~GIEIEIEE EEEEE ENEEEE

15rows =

25 groups





media/file4.jpg





media/file6.png





media/file0.jpg
30 repetitions

==

for each group

25 groups





media/file2.jpg





