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Abstract

:

Most of the arid and semi-arid regions, particularly in the Mediterranean area, suffer from the lack of a sufficient quantity of high-quality feed, as well as a low amount of rainfall that is unevenly distributed, resulting in the region being highly vulnerable to drought. A field experiment was carried out at the experimental station of the Faculty of Desert and Environmental Agriculture, Fuka, Matrouh University, Egypt during the winter seasons of 2018/19 and 2019/20 to study the performance of triticale (X Triticosecale Wittmack), grown under water deficit conditions, in terms of productivity and quality. The study investigated the influence of five levels of potassium fertilization (PF; 0, 43.2, 86.4, 129.6, and 172.8 kg ha−1) and ascorbic acid (AA; 0, 25, 50, 75, and 100 mg L−1) that was applied to the triticale grains before sowing and humic acid (HA; 0, 2.4, 4.8, 7.2, and 9.6 kg ha−1) that was applied as powder to the soil 21 days after sowing followed by sprinkler irrigation on triticale forage and grain production when forage was removed at variable ages at cutting (AC), determined as days after sowing (AC; 40, 65, 90, 115, and 140 DAS) on forage yield and nutritive value, in addition to the final grain yield of triticale. The experimental design was a central composite design with one replicate. Results indicated that the PF*AC interaction was significant, and it gave values of 84.78 and 238.00 g kg−1 for crude protein (CP) and degraded neutral detergent fiber (DNDF). In addition, the interaction between AA and AC was significant for CP, acid detergent fiber (ADF), 100-grain weight (100 GW), number of spikes m−2 (NSM−2), and plant height (PH). Moreover, the AC*HA interaction was significant with values of 175.17 and 247.00 g kg−1 for CP and DNDF, respectively, and 0.55 t ha−1 for grain yield (GY). Age at cutting exerted the strongest effect on the studied characteristics. It was observed that the contents of neutral detergent fiber (NDF), ADF, acid detergent lignin (ADL), and non-fiber carbohydrates (NFC) in the triticale forage significantly increased when the crop was cut at an advanced age, unlike CP, DNDF, GY, NSM−2, 100 GW, and PH that decreased with advanced AC. The highest values of 271.00, 256.00, and 268.00 g kg−1 for DNDF were obtained with higher levels of either PF, AA, or HA, respectively. However, the highest value of GY (0.97 t ha−1) was obtained with higher levels of PF*HA averaged over the two seasons. The interaction between AA*HA resulted in 393.39, 311.00, 27.13 g kg−1, and 0.94 t ha−1, for NDF, DNDF, ADL, and GY, respectively. The highest significant NDF (413.11 g kg−1) and DNDF (307.50 g ka−1) values were obtained with the application of high levels of either AA or HA. In the dual-purpose production system, it is recommended to cut the triticale crop at 65 DAS to achieve the optimum balance between forage yield and quality on the one hand, and final grain yield on the other hand. In the arid regions, application of PF, AA, and HA could help in reducing the damage caused by water deficit.
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1. Introduction


The reductions in the quantity and quality of fodder available to feed livestock are causing serious problems for farmers. Year-round pasture maintenance and forage crop production are challenging to manage in rain-fed areas. The semi-arid and arid regions are characterized by low and variable rainfall, as well as poor soil fertility [1,2]. Dual-purpose cereals are cut or grazed at a young developmental stage (tillering) and then allowed to re-grow for grain production, which is one of the options usually used by small and local farmers to provide forage throughout the winter, lowering demand for other feeds and allowing farmers to obtain grain and straw at the end of the growing season [3].



Triticale (X Triticosecale Wittmack) is a winter cereal resulting from crossing wheat (Triticum spp.) and rye (Secale cereale L.). Triticale can produce a large quantity of biomass and recover after cutting/grazing to produce grain for an autumn harvest, making it especially fit for dual-purpose usage [4]. The global area of triticale was 4 million ha in 2018, with a total grain yield of 13.5 million tons [5]. Worldwide, triticale is considered a multi-purpose crop that is utilized for forage and grain production. It is characterized by its higher energy and protein content than barley [6,7,8,9]. It is also used as a supplement for wheat flour in the production of bread, noodles, cakes, and breakfast kernels, as well as ethanol production, silage, and hay under a variety of production conditions [7]. It has potential in Egypt as feed for livestock, poultry, as well as for human consumption [8]. It grows well under dry conditions in arid and semi-arid regions; it is suitable for all types of soils, and it is tolerant to flooding and alkaline soils; and it has high water use efficiency, thus it is known for its distinguished performance in the Mediterranean climate [9]. The best approach to achieve a proper forage–grain balance is through proper grazing or cutting management. Under stress conditions, plants develop a variety of adaptive mechanisms to help them survive under unfavorable conditions [9]. Fertilization, foliar spray, and seed priming are among the various strategies used to increase the crop’s adaptability to stressful conditions [10,11,12].



Potassium is crucial for plant growth, and it is required in high amounts by plants. It can improve drought tolerance in plants by reducing their negative impacts and preserving water balance as a result of increased translocation of photo-assimilates, which eventually increase the crop yield and improve the forage quality [11,12]. Adequate potassium fertilization improved the absorption of nitrogen, phosphorus and calcium and resulted in higher yield attributes (number of spike m−2 and 100-grain weight) and increased grain yield in barley [13]. It is important for osmoregulation, photosynthesis for carbohydrate formation, transpiration, stomatal opening and closure, protein synthesis, and, thus, it is reported to increase dry forage yield and protein content in maize [14]. Moreover, the addition of potassium showed beneficial effects on plant height [15]. It increased crop yield and improved its quality [16].



Ascorbic acid (AA) is a natural compound with antioxidant properties [17]. It plays a role in plant growth and development, cell wall metabolism, cell division and expansion, root progress, photosynthesis, shoot apical meristem formation, florescence regulation, and regulation of leaf senescence, which are reflected in increasing the 100-grain weight and the number of spikes m−2 and, thus, grain and forage yields [17]. Water deficit may be mitigated by AA, resulting in a considerable increase in growth and in yield [18]. Priming with AA promotes plant growth by promoting root growth, which helps in water and nutrient uptake, and the synthesis of growth-promoting hormones such as auxin, gibberellin, and cytokinin, which increase plant height [19]. In addition, it acts as a co-factor of many enzymes that enhances chlorophyll a and b, total soluble proteins, carbohydrates under drought stress, which increased carbohydrates and protein content.



The stage of maturity at which the forage is cut is a limiting determinant to the quantity and the quality of the forage; in addition, it affects the regrowth ability of the crop and the final grain production [20]. Cutting at a late stage of maturity would result in the production of a high amount of forage with a high dry matter content [21,22]. However, it is expected to negatively affect the final grain yield. In dual-purpose crops, it is always crucial to determine the appropriate age at which the crop should be cut in order to achieve a high amount of good quality forage, with the least reduction in the final grain yield [20]. Early cut crop is characterized by high nutritive value in terms of a high CP content and low fiber fractions, which will be reflected in its high digestibility [23]. Each delay in forage cutting was found to decrease the CP content and to increase the fiber fractions (NDF, ADF, and ADL). It is proposed that dual-purpose triticale can fulfill the green forage demand, without sacrificing the grain yield in the arid and semi-arid regions [24].



Humic acid (HA) is a key source of humic compounds, which make up the majority of soil’s organic matter [25]. It has numerous advantages, including phytohormone-like activities that influence plant physiological processes, such as improving photosynthesis, increasing root growth, and enhancing seed germination and seedling growth, which increases plant height, the number of spikes m−2, and the grain yield [26]. It plays a vital role in the acceleration of plant cell division and promoting development, increasing seed germination and root respiration and arrangement [27]. In addition, increasing stimulation of plant development, cell porosity, and expansion of regulatory components in plants, and alleviating the inhibitory effects of water stress [27] are positive effects reported for the humic compounds. The increase in forage yield, protein content, and neutral detergent fiber due to adding humic acid may be attributed to the ability of humic acid in improving a crop’s nutrient uptake [28].



The objective of the current study was to investigate the effect of some treatments like humic (HA), ascorbic acids (AA), and potassium fertilization (PF) on forage and grain yields and the forage quality of dual-purpose triticale that was cut at variable ages. It was hypothesized that the addition of AA, HA, and PF would alter the negative effects associated with cutting at an advanced age on forage quality and regrowth ability of the crop and its final grain yield, moreover, they were expected to reduce the negative effects of the water deficit on the crop, improving its performance.




2. Materials and Methods


2.1. Experimental Location and Treatments


A two-year field trial was carried out during the winter seasons of 2018/19 and 2019/20 at the experimental station of the Faculty of Desert and Environmental Agriculture, Fuka, Matrouh University (N = 31° 04, E = 27° 54). Data of the soil physical and chemical properties of the experimental site, for both growing seasons are presented in Table 1. Soil samples were taken at a 30 cm depth. Average monthly temperature, total precipitation, and wind speed of the experimental site are presented in Figure 1. Four factors, each factor with five levels, were investigated: the first factor was potassium fertilization (PF; 0, 43.2, 86.4, 129.6, and 172.8 kg K2O ha−1) in the form of potassium sulphate (48% K2O); the second factor was ascorbic acid (AA; 0, 25, 50, 75, and 100 mg L−1); the third factor was age at cutting (AC; 40, 65, 90, 115, and 140 DAS); and the fourth factor was humic acid (HA; as powder) used from the El-Shafie company for agricultural investment, Egypt in the form of potassium humate 85%, with the amounts of 0, 2.4, 4.8, 7.2, and 9.6 kg ha−1. The investigated levels of potassium fertilizer were added via broadcasting 21 days after sowing and then humic acid levels were added in the same way one week later. Triticale grains were soaked in the different concentrations of ascorbic acid for 10 h directly before sowing.



Experimental plots were 4 m2, and seeds were hand-drilled in rows 20 cm apart. Sowing was done on the 15th and on the 20th of November in the two successive winter seasons. Irrigation was applied for 1 h every 10 days, supplying an amount of 2784 m3 water ha−1, accounting for approximately 43% of sprinkler irrigation requirements per season. This schedule was applied to impose water deficit conditions. Based on the fertilization recommendations of the crop in the region, phosphorous was added once with seedbed preparation at the rate of 100 kg P2O5 ha−1, in the form of calcium mono phosphate (15.5% P2O5). Nitrogen, in the form of ammonium nitrate (33.5% N) was applied at the rate of 144 kg N ha−1 for all treatments. All plots received a preliminary dose of 48 kg N ha−1 15 DAS. The remaining amount (96 kg N ha−1) was split into two doses according to age at cutting as follows: (1) for 40, 65, and 90 days, 48 kg N ha−1 was applied 10 days after cutting and 48 kg N ha−1 was applied 30 days later; (2) for the 115 days, 48 kg N ha−1 was applied 30 days after the preliminary dose and 48 kg N ha−1 was applied 10 days after cutting; and (3) for the 140 days, all nitrogen amount was applied before cutting 30 and 60 days after preliminary dose.




2.2. Forage Yield and Quality Characteristics


A single cut was taken from each plot at a certain plant age by cutting the plants with a sickle 10 cm above ground level and fresh forage yield (FFY) was immediately weighed in the field. A representative sample of 1 kg from each plot was dried at 60 °C until a constant weight was reached to determine the dry forage yield (DFY) per plot. The dried samples of the whole plants were uniformly ground over a 1-mm screen. Samples were analyzed by the Kjeldahl procedure [29] in duplicate for crude protein (CP = N × 6.25). Using the semiautomatic ANKOM200 fiber analyzer (ANKOM, model A200, New York, NY, USA) and two filter bags (F57-ANKOM Technology Corporation, Macedon, New York, NY, USA) for each sample, fiber fractions such as neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL) were sequentially determined according to [30].



The crude ash (CA) content was determined by incinerating the samples in a muffle oven at 550–600 ℃ for 3 h, while crude fat (CF) content was determined using the Soxhlet procedure [29]. Non-fiber carbohydrates (NFC) content (g kg−1) was then calculated as follows:


NFC = 1000 − (CP + Fat + NDF + CA)



(1)







For the preparation of ruminal inoculum to perform the in vitro degraded assay, samples of ruminal content (50% liquid, 50% solid fractions) were collected from three cannulated Barki sheep (55.2 ± 2.54 kg body weight). Animals were fed berseem clover hay and concentrate mixture (60% ground corn, 25% wheat bran, and 15% soybean meal), with ad libitum access to water. The ruminal content of each animal was squeezed through four layers of cheesecloth, and maintained in a water bath (39 °C) under CO2 to prepare the ruminal inocula for incubation. The rumen fluid was then diluted 1:2 with a nutritive buffer incubation medium [31]. Samples of 500 mg of each forage sample were weighed in three glass bottles (120 mL volume) and incubated with 45 mL of buffered ruminal inoculum and incubated at 39 °C in a forced air oven for 24 h. The same procedure was followed for blank bottles (containing buffered ruminal inoculum without substrate) and for internal standard bottles containing the buffered ruminal inoculum with standard (berseem clover hay) to detect the sensitivity changes induced by the inocula.



After the incubation period, the fermentation process was interrupted by opening the bottles and immediately placing it in cold water. Truly degraded organic matter (DOM) was analyzed as described by [32]. The contents of the bottles were filtered into dried free crucibles, washed with hot distilled water, dried, and burned to ash. The difference between the amounts of incubated and non-DOM after 24 h is truly DOM. The difference between the amount of incubated NDF and the non-degraded is truly degraded neutral detergent fiber (DNDF).




2.3. Agronomic Characteristics and Grain Yield


Before harvesting, plant height (cm) was measured as the average of five randomly chosen plants per plot. The number of spikes per m2 was counted as the average of two samples per plot, each of one m2. The inner guarded area of each plot (2.56 m2) was harvested by cutting all plants with a sickle directly above ground level, then threshing was done with a stable threshing machine, and the grain yield per plot was recorded. The 100-grain weight (g) was determined as an average of three random grain samples taken from each plot.




2.4. Experimental Design


A five-levels-four-factor central composite design [33] was adopted in the present study. That design included 16 factorial points (24), 8 central points (2*number of factors), and 8 star points (2*number of factors). The total number of experimental units used was 32 units. The minimum and the maximum ranges of investigated factors, with respect to their values in coded and actual forms, are listed in (Table 2). The full experimental plan is listed in Table 3. Upon completion of the experiment, the studied characteristics were taken as dependent or response variables (Y).




2.5. Statistical Procedures


Statistical analysis was carried out according to [34], using the statistical software package “STATISTICA 7.0”, [35].



The mathematical relationship of the independent factors and the responses were calculated by the second-order polynomial equation as follows:


Y = ®0 + ®1X1 + ®2X2 + ®3X3 + ®4X4 + ®11X12 + ®22X22 + ®33X32 + ®44X42 + ®12X1X2 + ®13X1X3 + ®14X1X4 + ®23X2X3 + ®24X2X4 + ®34X3X4



(2)




where



Y = predicted response, 0 = intercept, ®1, ®2, ®3, ®4 = linear coefficients, ®11, ®22, ®33, ®44 = quadratic coefficients and ®12, ®13, ……, ®34 = linear interaction coefficients.



Response surface diagrams for the significant Linear × Linear interactions were plotted by STATISTICA 7.0 [35], while the linear and quadratic responses of the main effects were plotted by Curve Expert, ver. 1.34 [36].





3. Results


3.1. Forage Yield and Quality


The regression equations presented in Table 4, revealed that the DFY was significantly and positively affected by the linear components of AC (age at cutting) with r2 = 0.95 and 0.97 in 2018/19 and 2019/20 growing seasons, respectively. However, DFY did not reveal any significant response to PF, AA, and HA and their interactions. As illustrated in Table 5, the value of DFY peaked to 4.86 t ha−1, as an average of both seasons, when AC was delayed to 140 DAS (S6). The lowest DFY value reached 2.62 t ha−1, as an average of both seasons, and was detected at early AC at 40 DAS (S5).



Results in Table 4 indicated that the CP was significantly and positively affected by the linear components of PF, AA, and HA in 2018/19 season with r2 = 0.93, however, CP significantly responded only to AA and HA levels in 2019/20 season with r2 = 0.95. The optimal level of the quadratic components of PF, AA and HA was 110 kg ha−1, 75 mg L−1 and 6.7 kg ha−1 in 2019/20 and AC at 74 DAS in the two respective seasons. Crude protein was significantly and negatively influenced by the linear effect of AC in both seasons. Moreover, it was negatively affected by the linear interaction between PF*AC, AA*AC, and AC*HA in 2018/19. The highest CP (Table 5) value reached 175.17 g kg−1 as an average of both seasons, which was detected at the earliest AC at 40 DAS (S5) and the lowest CP value reached 72.3 g kg−1 with delayed AC to 140 DAS (S6). The interaction between PF*AC (Figure 2), AA*AC (Figure 3), and AC*HA (Figure 4) were significant and of negative relationship. The response surface showed that the CP increased with cutting at early age and high levels of PF and AA and under all levels of HA in 2018/19.



In Table 4, the regression equations indicated that NDF, ADF, ADL, and NFC were significantly and positively affected by the linear components of PF, AA, AC, and HA in such a way that, PF significantly affected NDF and ADF in 2019/20, HA showed significant impact on NDF in 2019/20 and ADL in 2018/19, AA significantly affected NDF in 2018/19 and ADF in the two seasons and AC showed significant impact on NDF, ADF, ADL, and NFC in both seasons. The optimal level of the quadratic component of PF was 103.30 kg ha−1 for NDF in average of both seasons and 111.20 kg ha−1 for ADF and 130.00 kg ha−1 for ADL, respectively, in 2018/19 only. The optimal AA levels reached 62.60 and 61 mg L−1 for NDF and NFC, respectively, in 2019/20, and 68.30 mg L−1 for ADL in 2018/19. The optimal levels of AC were 126 and 138 DAS for NDF and ADF, respectively, in 2018/19, and 98 and 97 DAS for NFC in the two respective seasons. The mean of HA was 5.60 kg ha−1 for NDF in 2019/20. The ADF was significantly and negatively influenced by the quadratic effect of AA with 63.00 mg L−1 and AC at 132 DAS in 2019/20. However, the linear interaction was positively affected by AA*AC for NDF, and ADF in 2018/19 and AA*HA for NDF, and ADL in 2018/19. The highest values of NDF, ADF, ADL, and NFC reached 543.76 g kg−1, 278.50 g kg−1, 64.98 g kg−1, 310.92 g kg−1, respectively, as average of both seasons (Table 6), and they were associated with cutting at 140 DAS (S6). On the other hand, the lowest values of these characteristics were achieved at early cutting at 40 DAS (S5) in both seasons. The AA*AC interaction was positive and significant for NDF and ADF in 2018/19, and the response surface (Figure 3) revealed that NDF and ADF were highest at delayed cutting, when the highest concentration of AA was applied. The response surface (Figure 5) showed that NDF and ADL were significantly and positively related with the AA*HA linear interaction in 2018/19. Moreover, the increase in NDF and ADL was detected with higher levels of AA*HA.



The regression equations (Table 4) indicated that the DNDF was significantly and positively affected by the linear components of PF, AA, and HA in 2019/20 with r2 = 0.93 and 0.89 for DOM, 0.89 and 0.80 for DNDF in 2018/19 and 2019/20, respectively. The optimal level of the quadratic effect of PF was 110.00 kg ha−1 for DNDF and that of HA was 6.04 kg ha−1 for DNDF, while, that of AA was 60.70 mg L−1 for DOM in 2019/20. Both DOM and DNDF were significantly and negatively influenced by the linear effect of AC in 2018/19 and 2019/20, respectively. The optimal level of the quadratic effect of AC was 76 DAS for DOM in 2018/19 and 77 DAS for DNDF in 2019/20. Nonetheless, DNDF was negatively affected by the linear interactions of PF*AA, PF*AC, and AC*HA in 2019/20 and of AA*HA in 2018/19. The highest DOM and DNDF (Table 7) values reached 662.5 g kg−1, 377.50 g kg−1 as an average of both seasons, and they were detected at the earliest levels of AC at 40 DAS (S5), Meanwhile, the lowest values for both characteristics were associated with delayed AC till 140 DAS (S6). The PF*AC (Figure 2), AC*HA (Figure 4) and PF*AA (Figure 6), interactions were significant and of negative relationship in 2019/20. The response surface revealed that the DNDF increased with increasing PF or AA in 2019/20. The response surface (Figure 2) showed that DNDF increased with cutting at early age and the highest level of PF in 2019/20. The response surface (Figure 4) showed that DNDF was significantly and negatively related with the AC*HA linear interaction, and the figure indicated an increase in DNDF with cutting at early age and high levels of HA. In addition, the AA*HA interaction was negative and significant in 2018/19, and the response surface (Figure 5) revealed that DNDF was highest at the highest levels of AA or HA.




3.2. Grain yield and Agronomic Characteristics


Results presented in Table 8 showed that the 100 GW, NSM−2, PH, and GY were significantly and positively affected by the linear components of PF for NSM−2 in 2019/20, AA and HA levels for 100 GW in 2019/20, HA only for NSM−2 in 2019/20 and for PH in 2018/19 and 2019/20 with r2 = 0.83 and 0.68 for 100 GW, 0.89 and 0.89 for NSM−2, 0.92 and 0.94 for PH, 0.93 and 0.75 for GY. The optimal level from quadratic components of PF was 107.14 and 102.43 kg ha−1 for 100 GW and GY, respectively, as an average of both seasons. The optimal level of AA was 51.70 and 50 mg L−1 for 100 GW and GY in 2019/20 and HA with 7.50 kg ha−1 for PH in 2019/20. Four characteristics (100 GW, NSM−2, PH, and GY) were significantly and negatively influenced by the linear effect of PF for 100 GW in 2019/20 and for GY in the both seasons. Meanwhile, AA significantly and negatively influenced GY in 2019/20, while AC exerted a significant and negative influence on 100 GW, NSM−2, PH, and GY in both seasons, and HA affected only GY in the both seasons. The optimal level from quadratic effect of AA was 61.30 mg L−1 for 100 GW in 2019/20 and that of AC was 69, 60, and 49 DAS for 100 GW, PH, and GY as an average of both seasons, respectively. However, the linear interaction was negatively affected by AA*AC for 100 GW in 2019/20, for NSM−2 and PH in both seasons. In addition, the interactions PF*HA, AA*HA and AC*HA were significant for GY in the both seasons. The highest 100 GW, NSM−2, PH and GY (Table 9), values reached 4.79 g and 164 for 100 GW and NSM−2, respectively, in an average of both seasons, and they were associated with early cutting (S5); the highest GY and PH were 112.00 cm and 1.73 t ha−1 at the highest level of HA and lowest levels of PF, AA and AC (F2), as average of both seasons. The AA*AC was significant and of negative relationship. The response surface (Figure 7) showed that the 100 GW, NSM−2, PH increased with increasing AA at early AC (40 and 65 DAS). However, it was positively affected by the linear interaction of PF*HA, AA*HA and AC*HA in 2018/19 and 2019/20, respectively. The response surface of PF*HA (Figure 8) showed that GY increased with increasing PF and HA in 2018/19 and 2019/20, respectively. The response surface of AA*HA (Figure 9) revealed that GY decreased with increasing levels of both nutrients. The response surface (Figure 10) showed that GY increased with early AC under all levels of HA in 2018/19 and 2019/20.





4. Discussion


The central composite design, as proposed by [33], is utilized to quantitatively elucidate the importance of the studied factors and their linear interaction for the various studied characteristics. Hence, the factor that reveals significant main and interaction effects on the studied characteristics should be considered more important than the other factors that show relatively fewer significant effects. Seasonal variations should be taken in consideration, where the factors that show significant effects in both seasons are considered more important than those showing significance in only one season. Concerning forage yield and quality characteristics, the results indicated that delaying cutting beyond 98 DAS led to an increase in NDF (25%), ADF (43%), and ADL (64%), in addition to an increase in dry forage yield (DFY) by 64% and non-fiber carbohydrates (NFC) by 12%. On the other hand, a pronounced decrease of 59% in crude protein (CP) was observed with delayed cutting. These findings were in agreement with those reported by [23,37,38], who reported that cutting the crop at an advanced age increased the DFY. The increase in DFY may be attributed to the increase in the stem component of the forage and the reduction in the leaf component, where stems are higher in dry matter content than leaves, thus contributing to the DFY of the produced herbage [22]. In addition, as the plant grows the photosynthetic activity increases leading to higher biomass production [39]. Similarly, fiber fractions (NDF, ADF, and ADL) increased with delayed cutting, which may be as well attributed to the increase in the stem component of the older plants than the leaf component [23]. Furthermore, while the plant matures the contents of water-soluble carbohydrates in the leaves and stems decrease, which is associated with an increase in their content from the different fiber fractions [40]. Non fiber carbohydrate content is another important criterion for forage quality, which followed the same trend as fiber fractions but with lesser magnitude, which may be explained by the translocation of carbohydrates to the grains, in addition to those present in green leaves before harvesting. Ref. [22] reported similar findings. On the other hand, delaying cutting decreased protein content. That reduction in protein content of triticale plants at later stages of cutting may be attributed to the dilution of photosynthates accompanying the higher amount of produced forage yield [41], the increase in the stem component with herbage maturity [37] and organs’ differentiation (leaves, stems and spikes) in the course of plant life [42]. In late cuttings, all other studied factors (potassium fertilization, ascorbic acid, and humic acid) had minor effects on NDF, ADF, ADL, CP, and DFY. However, both AA and PF increased NFC in late cuttings, which could be due to the role played by AA in carbohydrate formation [43] and the role of potassium in the translocation of photosynthates to the grains [44]. In early cutting ages, both AA and HA enhanced protein formation in plants, which may be attributed to the essential role of AA in protein synthesis [45] and the action of HA in facilitating the nitrogen uptake, in addition to other nutrients by plants which result in higher protein synthesis [46]. That was reflected on the ruminal degradability of nutrients (DOM and DNDF), which were higher in early cuttings and decreased by 63 and 65%, respectively, in late cuttings. The optimal cutting age for both characteristics was approximately 75 DAS, which coincides with that of optimal CP (74 DAS). Refs. [47,48] reported that ruminal degradability of nutrients was positively correlated with CP content but negatively correlated with the contents of NDF, ADF, and lignin. Degraded organic matter and degraded NDF decreased with advancing forage maturity, which may be attributed to the lignification of the fodder’s fiber content that resulted in lower DNDF as the plant matures. Clearly, the nutritive value of winter cereals that are cut at an early age for animals is superior [49]. The poor degradability is associated with a relatively high lignin content which increases with age and causes a decrease in the nutritive value [39]. Ref. [21] found that with maturation, the nutritional value of forage grasses declines, owing to a reduction in crude protein content and an increase in fiber content (NDF, ADF, and ADL).



Regarding the plant height, grain yield, and yield components, i.e., 100-grain weight (100 GW) and number of spikes m−2(NSM−2), results indicated a reduction in all characteristics with delayed cutting. A stage of poor regrowth was reached after cutting at 140 DAS. Delaying cutting to later growth stages resulted in removing plant biomass and leaving a short period for regrowth, resulting in a more sensitive crop to any induced stress condition that may decrease the final grain yield and the yield components [50]. Moreover, delaying cutting leads to a decrease in the content of carbohydrates between age at cutting and anthesis, which will decrease the yield components [51]. Cutting at an early age will allow the regrowth of triticale plants to fulfill their vegetative growth compared to cutting at late stages. Ref. [22] reported similar findings, where they emphasized that the regrowth had higher plant heights at an earlier cutting age. The optimal values were 63, 68, and 50 DAS for plant height, 100-grain weight, and grain yield, respectively. With regard to NSM−2, application of potassium, AA and HA at higher levels increased the values compared to lower levels. The optimal levels obtained from this study were 86–107 kg ha−1, 46–56 mg L−1, and 7.5 kg ha−1 for the three growth resources, respectively. These growth resources play an important role in balancing plant nutrition and the availability of essential nutrients to triticale plants that led to an increase in NSM−2. Ref. [52] reported that the application of PF resulted in higher photosynthetic activity during the initial growth stage leading to more availability of assimilates, which plays an important role in increasing the number of spikes m−2. Moreover, PF has a collective role in increasing root growth, and it facilitates the translocation of the nutrients and photo-assimilates, thus, increasing PF levels will enhance the number of spikes m−2 [15]. In addition, PF application increased 100-grain weight, and that could be due to the role played by PF in the translocation of photosynthates from source (leaves) to the grains (sink) as previously reported by [53,54]. The increase in the vegetative characteristics and the yield attributes, as a result of increasing PF application to the optimal level, led to an increase in the grain yield of small cereals [15,55,56]. Ascorbic acid ameliorates the adverse effects of water deficit due to promoting root growth, which helps in water and nutrient uptake, and the synthesis of growth-promoting hormones such as auxin, gibberellin, and cytokinin, resulting in an increase in the plant height of forage crops [57,58]. The positive effects of AA on the yield components (number of spikes and 100-grain weight) may be attributed to its role in the translocation of metabolites from the leaves to the reproductive organs [58], increasing the 100-grain weight [17,59], hence grain yield increased [60]. With regard to the role of HA in promoting plant growth, HA is known to improve the permeability of a cell membrane, which results in increasing the absorption and the uptake capacity of roots for both water and nutrients thus enhancing plant growth [61]. Several research sources reported that increasing HA level increased plant height [62,63]. Humic acid was found to increase yield components (number of spikes and 100-grain weight), which may be attributed to the role of HA in increasing root vitality, improving nutrient uptake, increasing chlorophyll synthesis [64]. Moreover, increasing fertilizer retention and stimulating beneficial microbial activity thus increases NSM−2 [64]. Humic acid increased the 100-grain weight—explained by the role of HA in increasing crop growth rate— and it increased the accumulation of dry matter in the plant, which is transferred to the grains later by increasing the net assimilates stored in the stem and leaves and finally increased 100-grain weight in cereals crops [65,66]. The grain yield of triticale was reduced due to a reduction in the yield components with late cutting because delaying cutting leads to a decrease in the content of carbohydrates between age at cutting and anthesis, which will decrease yield components and, thus, grain yield. However, in early cuttings, the presence of the three growth additives in higher levels gave higher values for grain yield compared to low levels of those additives indicating their involvement in better regrowth of triticale plants after cutting and resilience of plants to water deficit conditions. Humic acid application improved the grain yield of cereals, including triticale for its role in water retention and the photosynthetic and antioxidant metabolism under water deficit conditions [27,67].




5. Conclusions


Under the arid Mediterranean conditions of the current study, variations in the response of dual-purpose triticale to the applied treatments (PF, AA, and HA) were clearly detected under the different ages at cutting. A strong effect for age at cutting was observed on the yield and the quality of the produced forage as well as the plant’s regrowth ability, which was reflected in the final grain yield. Early cutting resulted in forage with high CP, DOM, and DNDF content. On the other hand, delayed cutting significantly increased DFY, fiber fractions (NDF, ADF, and ADL), and NFC content in the produced forage. Better regrowth attributes and a higher grain yield were obtained when the crop was cut for forage production at an early age. The addition of PF, AA, and HA at higher levels mitigated the water deficit conditions, resulting in higher DFY, GY, and PH, especially when the crop was cut at 65 DAS for forage production.
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	100-grain weight



	GY
	Grain yield



	HA
	Humic acid



	NDF
	Neutral detergent fiber



	NSM−2
	Number of spikes m−2



	NFC
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Figure 1. (a). Average monthly temperature (°C), (b). total monthly precipitation (mm) and (c). average monthly wind speed (m/sec) for the two winter seasons. 
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Figure 2. Response surface for crude protein (a) in 2018/19 and degraded neutral detergent fiber (b) in 2019/20 as affected by PF and AC at the central levels of AA and HA. 
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Figure 3. Response surface for crude protein (a), neutral detergent fiber (b) and acid detergent fiber (c) as affected by AA and AC at the central levels of PF and HA in 2018/19. 
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Figure 4. Response surface for crude protein (a) in 2018/19 and degraded neutral detergent fiber (b) in 2019/20 as affected by AC and HA at the central levels of PF and AA. 
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Figure 5. Response surface for neutral detergent fiber (a), acid detergent lignin (b) and degraded neutral detergent fiber (c) as affected by AA and HA at the central levels of PF and AC in 2018/19. 
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Figure 6. Response surface for degraded neutral detergent fiber as affected by PF and AA at the central levels of AC and HA in 2019/20. 
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Figure 7. Response surface for 100-grain weight (a), number of spikes m−2 (b,c) and plant height (d,e) in the two respective seasons as affected by AA and AC at the central levels of AA and HA. 
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Figure 8. Response surface for grain yield as affected by PF and HA at the central levels of AA, and AC in (a) 2018/19 and (b) 2019/20. 
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Figure 9. Response surface for grain yield in two seasons (a) in 2018/19 and (b) 2019/20, as affected by AA and HA at the central levels AA and HA. 
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Figure 10. Response surface for grain yield as affected by AC and HA at the central levels of AC and HA in (a) 2018/19 and (b) 2019/20. 
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Table 1. Physical and chemical soil properties at the experimental site, for the two experimental seasons.
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Soil Properties

	
Values




	
1st Season (2018/19 Season)

	
2nd Season

(2019/20 Season)




	

	
A-Physical Analysis:

	

	




	
Soil Type

	
Sand 79.4%

	
Clay 15.4%

	
Silt 5.2%




	
Sand Loamy




	
B-Chemical Analysis:






	
pH

	
7.96

	
8.18




	
E.C. (ds/m)

	
0.80

	
2.24




	
Organic matter (%)

	
1.01

	
0.533




	
Total N (%)

	
3.05

	
3.07




	
HCO3− (ppm)

	
4.0

	
5.6




	
Cl− (ppm)

	
4.0

	
14.3




	
SO4− (meq/L)

	
3.6

	
4.7




	
Ca++ (meq/L)

	
7.0

	
3.9




	
Mg++ (meq/L)

	
1.0

	
3.6




	
Na+ (meq/L)

	
5.4

	
16.6




	
K+ (meq/L)

	
0.8

	
0.5
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Table 2. Coded and actual levels of the studied factors in central composite design.
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Coded Level Factors

	
Unit

	
−S

α (−2)

	
−F

(−1)

	
Central Point

(0)

	
+F

(+1)

	
+S

+α (2)






	
Potassium fertilization (PF)

	
(X1)

	
kg ha−1

	
0

	
43.2

	
86.4

	
129.6

	
172.8




	
Ascorbic acid (AA)

	
(X2)

	
mg L−1

	
0

	
25

	
50

	
75

	
100




	
Age at cutting (AC)

	
(X3)

	
DAS

	
40

	
65

	
90

	
115

	
140




	
Humic acid (HA)

	
(X4)

	
kg ha−1

	
0

	
2.4

	
4.8

	
7.2

	
9.6








S: Star points, F: Factorial points, and −, +: minimum and maximum factorial and star levels.
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Table 3. Points of central composite design of experiments in coded values and actual levels.






Table 3. Points of central composite design of experiments in coded values and actual levels.





	

	

	
Coded Values

	
Actual Levels




	

	
Exp. No.

	
X1

	
X2

	
X3

	
X4

	
PF

	
AA

	
AC

	
HA






	
Central points = 2 × 4 = 8

	
1

	
0

	
0

	
0

	
0

	
86.4

	
50

	
90

	
4.8




	
2

	
0

	
0

	
0

	
0

	
86.4

	
50

	
90

	
4.8




	
3

	
0

	
0

	
0

	
0

	
86.4

	
50

	
90

	
4.8




	
4

	
0

	
0

	
0

	
0

	
86.4

	
50

	
90

	
4.8




	
5

	
0

	
0

	
0

	
0

	
86.4

	
50

	
90

	
4.8




	
6

	
0

	
0

	
0

	
0

	
86.4

	
50

	
90

	
4.8




	
7

	
0

	
0

	
0

	
0

	
86.4

	
50

	
90

	
4.8




	
8

	
0

	
0

	
0

	
0

	
86.4

	
50

	
90

	
4.8




	
Star points = 2 × 4 = 8

	
1

	
−2

	
0

	
0

	
0

	
0

	
50

	
90

	
4.8




	
2

	
+2

	
0

	
0

	
0

	
172.8

	
50

	
90

	
4.8




	
3

	
0

	
−2

	
0

	
0

	
86.4

	
0

	
90

	
4.8




	
4

	
0

	
+2

	
0

	
0

	
86.4

	
100

	
90

	
4.8




	
5

	
0

	
0

	
−2

	
0

	
86.4

	
50

	
40

	
4.8




	
6

	
0

	
0

	
+2

	
0

	
86.4

	
50

	
140

	
4.8




	
7

	
0

	
0

	
0

	
−2

	
86.4

	
50

	
90

	
0




	
8

	
0

	
0

	
0

	
+2

	
86.4

	
50

	
90

	
9.6




	
Factorial points = 24 (one replicate) = 16

	
1

	
−1

	
−1

	
−1

	
−1

	
34.2

	
25

	
65

	
2.4




	
2

	
−1

	
−1

	
−1

	
1

	
43.2

	
25

	
65

	
7.2




	
3

	
−1

	
−1

	
1

	
−1

	
43.2

	
25

	
115

	
2.4




	
4

	
−1

	
−1

	
1

	
1

	
43.2

	
25

	
115

	
7.2




	
5

	
−1

	
1

	
−1

	
−1

	
43.2

	
75

	
65

	
2.4




	
6

	
−1

	
1

	
−1

	
1

	
43.2

	
75

	
65

	
7.2




	
7

	
−1

	
1

	
1

	
−1

	
43.2

	
75

	
115

	
2.4




	
8

	
−1

	
1

	
1

	
1

	
43.2

	
75

	
115

	
7.2




	
9

	
1

	
−1

	
−1

	
−1

	
129.6

	
25

	
65

	
2.4




	
10

	
1

	
−1

	
−1

	
1

	
129.6

	
25

	
65

	
7.2




	
11

	
1

	
−1

	
1

	
−1

	
129.6

	
25

	
115

	
2.4




	
12

	
1

	
−1

	
1

	
1

	
129.6

	
25

	
115

	
7.2




	
13

	
1

	
1

	
−1

	
−1

	
129.6

	
75

	
65

	
2.4




	
14

	
1

	
1

	
−1

	
1

	
129.6

	
75

	
65

	
7.2




	
15

	
1

	
1

	
1

	
−1

	
129.6

	
75

	
115

	
2.4




	
16

	
1

	
1

	
1

	
1

	
129.6

	
75

	
115

	
7.2
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Table 4. Regression equations describing the relationship between dry forage yield (DFY), crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), acid detergent lignin (ADL), non-fiber carbohydrates (NFC) degraded organic matter (DOM), and degraded neutral detergent fiber (DNDF), and the investigated factors in 2018/19 and 2019/20.






Table 4. Regression equations describing the relationship between dry forage yield (DFY), crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), acid detergent lignin (ADL), non-fiber carbohydrates (NFC) degraded organic matter (DOM), and degraded neutral detergent fiber (DNDF), and the investigated factors in 2018/19 and 2019/20.





	
Charact.

	
Seasons

	
Equation

	
R2

	
C.V %






	
DFY

(t ha−1)

	
2018/19

	
Y = 4.35 + 0.78 X3.

	
0.95

	
3.48




	
2019/20

	
Y = 3.29 + 0.51 X3.

	
0.97

	
3.07




	
CP

(g kg−1)

	
2018/19

	
Y = 105.76 + 3.89 X1 +3.89 X2 − 29.84 X3 + 4.83 X32 + 1.75 X4 − 3.66 X1X3 − 3.67 X2X3 − 1.39 X3X4.

	
0.93

	
1.42




	
2019/20

	
Y = 107.01 + 3.44 X12 +2.91 X2 + 4.57 X22 − 24.91X3 + 8.36 X32 + 1.80 X4 + 5.30 X42.

	
0.95

	
1.91




	
NDF

(g kg−1)

	
2018/19

	
Y = 413.91 + 3.13 X12 + 6.11 X2 + 37.98 X3 + 12.65 X32 + 12.52 X2X3 + 3.22 X2X4.

	
0.97

	
1.21




	
2019/20

	
Y = 485.21 + 2.83 X1 + 5.79X12 − 5.21X22 + 40.89X3 + 4.99X4.

	
0.94

	
1.05




	
ADF

(g kg−1)

	
2018/19

	
Y = 183.68 + 5.43X12 + 5.94 X2 +29.17 X3 + 11.55 X32 + 10.61 X2X3.

	
0.94

	
4.42




	
2019/20

	
Y = 228.73 + 4.28X1 + 2.40 X2 − 3.08X22 + 32.02X3 − 2.23 X32.

	
0.95

	
2.04




	
ADL

(g kg−1)

	
2018/19

	
Y = 27.29 + 2.47 X12 + 0.80 X22 + 11.84 X3 + 5.55 X32 + 0.92 X4 + 2.22 X2X4.

	
0.95

	
7.41




	
2019/20

	
Y = 45.65 + 10.32 X3.

	
0.92

	
5.33




	
NFC

(g kg−1)

	
2018/19

	
Y = 303.52 − 4.58 X1 − 5.25 X2 + 4.62 X3 + 1.58 X32 − 4.28X4.

	
0.64

	
1.18




	
2019/20

	
Y = 272.52 + 3.01X22 + 5.02X3 + 6.94X32.

	
0.53

	
1.97




	
DOM

(g kg−1)

	
2018/19

	
Y = 553.87 − 77.50 X3 − 23.53 X32.

	
0.93

	
1.83




	
2019/20

	
Y = 455.12 + 6.82X22 − 74.08X3.

	
0.89

	
3.14




	
DNDF

(g kg−1)

	
2018/19

	
Y = 286.25 − 40.79 X3 − 6.43 X2X4.

	
0.89

	
3.53




	
2019/20

	
Y = 265.00 + 2.74 X1 + 2.510 X12 + 2.04X2 − 39.62 X3 − 5.11 X32 + 5.87 X4 + 2.76 X42 − 3.93 X1X2 − 3.18 X1X3 − 2.31 X3X4.

	
0.80

	
1.42








Y = predicted response, X1: Potassium fertilization, X2: Ascorbic acid, X3: Age at cutting, X4: Humic acid.
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Table 5. Values of dry forage yield (DFY), crude protein (CP) and Non-fiber carbohydrates (NFC), as affected by the levels of PF, AA, AC and HA and their interactions in 2018/19 and 2019/20.






Table 5. Values of dry forage yield (DFY), crude protein (CP) and Non-fiber carbohydrates (NFC), as affected by the levels of PF, AA, AC and HA and their interactions in 2018/19 and 2019/20.





	
Treatments

	
DFY (t ha−1)

	
CP (g kg−1)

	
NFC (g kg−1)




	
2018/19

	
2019/20

	
2018/19

	
2019/20

	
2018/19

	
2019/20






	
Central points




	
C1–C8

	
4.35

	
3.28

	
105.75

	
107.01

	
303.52

	
272.15




	
Star points




	
S1

	
4.57

	
3.01

	
92.10

	
112.00

	
305.79

	
277.45




	
S2

	
4.45

	
3.22

	
94.24

	
114.50

	
308.12

	
272.56




	
S3

	
4.57

	
3.19

	
90.50

	
115.00

	
309.37

	
269.11




	
S4

	
4.45

	
3.24

	
96.42

	
120.50

	
304.96

	
274.32




	
S5

	
2.94

	
2.30

	
173.15

	
177.20

	
293.23

	
257.68




	
S6

	
5.50

	
4.22

	
55.96

	
88.64

	
329.76

	
292.09




	
S7

	
4.13

	
3.15

	
96.50

	
117.62

	
301.45

	
273.82




	
S8

	
4.20

	
3.23

	
98.00

	
123.70

	
306.80

	
267.03




	
Factorial points




	
F1

	
1

	
3.63

	
2.54

	
132.23

	
152.24

	
301.21

	
258.20




	
F2

	
HA

	
3.30

	
2.65

	
132.30

	
159.10

	
308.31

	
258.95




	
F3

	
AC

	
5.00

	
3.88

	
80.71

	
94.17

	
317.58

	
281.74




	
F4

	
HA*AC

	
5.05

	
3.90

	
83.59

	
102.31

	
325.28

	
275.98




	
F5

	
AA

	
3.38

	
2.72

	
143.23

	
160.90

	
309.95

	
259.32




	
F6

	
AA*HA

	
3.47

	
2.84

	
146.50

	
166.00

	
300.11

	
261.83




	
F7

	
AA*AC

	
5.31

	
3.70

	
84.55

	
107.37

	
321.62

	
278.91




	
F8

	
AA*AC*HA

	
5.18

	
3.75

	
84.81

	
107.60

	
313.06

	
280.01




	
F9

	
PF

	
3.39

	
2.76

	
142.75

	
150.10

	
302.99

	
265.37




	
F10

	
PF*HA

	
3.70

	
2.83

	
148.78

	
154.70

	
298.70

	
258.18




	
F11

	
PF*AC

	
5.18

	
3.63

	
84.78

	
107.82

	
323.57

	
277.38




	
F12

	
PF*AC*HA

	
5.43

	
3.94

	
86.50

	
109.90

	
320.82

	
280.04




	
F13

	
PF*AA

	
3.44

	
2.78

	
157.60

	
161.60

	
305.40

	
266.92




	
F14

	
PF*AA*HA

	
3.69

	
2.80

	
169.97

	
165.60

	
294.12

	
258.32




	
F15

	
PF*AA*AC

	
5.43

	
3.78

	
87.03

	
110.10

	
314.19

	
285.10




	
F16

	
PF*AA*AC*HA

	
5.18

	
3.85

	
90.60

	
110.14

	
326.61

	
285.69








C1–C8: average of 8 central points. S1–S8: star points.
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Table 6. Values of neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL) as affected by levels of PF, AA, AC and HA and their interactions in 2018/19 and 2019/20.






Table 6. Values of neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL) as affected by levels of PF, AA, AC and HA and their interactions in 2018/19 and 2019/20.





	
Treatments

	
NDF (g kg−1)

	
ADF (g kg−1)

	
ADL (g kg−1)




	
2018/19

	
2019/20

	
2018/19

	
2019/20

	
2018/19

	
2019/20






	
Central points




	
C1–C8

	
413.65

	
485.21

	
183.68

	
228.73

	
27.29

	
45.65




	
Star points




	
S1

	
422.11

	
445.55

	
200.70

	
220.91

	
34.98

	
41.91




	
S2

	
422.64

	
456.27

	
201.20

	
223.66

	
33.54

	
40.34




	
S3

	
404.08

	
451.24

	
182.21

	
210.00

	
26.05

	
44.17




	
S4

	
407.28

	
455.18

	
180.29

	
209.26

	
29.16

	
40.01




	
S5

	
388.62

	
410.12

	
162.86

	
157.00

	
24.17

	
22.43




	
S6

	
532.28

	
555.25

	
288.00

	
269.00

	
69.00

	
60.97




	
S7

	
417.88

	
497.23

	
187.73

	
230.97

	
29.95

	
46.32




	
S8

	
412.70

	
490.94

	
189.16

	
226.99

	
24.45

	
41.01




	
Factorial points




	
F1

	
1

	
400.56

	
435.89

	
180.95

	
183.03

	
27.83

	
32.01




	
F2

	
HA

	
393.39

	
443.95

	
176.85

	
185.79

	
24.47

	
31.76




	
F3

	
AC

	
450.71

	
516.09

	
213.79

	
251.16

	
53.50

	
54.59




	
F4

	
HA*AC

	
451.13

	
534.71

	
217.12

	
260.76

	
51.31

	
55.38




	
F5

	
AA

	
391.82

	
445.45

	
177.30

	
194.39

	
26.54

	
31.89




	
F6

	
AA*HA

	
393.39

	
432.84

	
178.82

	
183.87

	
27.13

	
34.41




	
F7

	
AA*AC

	
481.83

	
542.72

	
243.10

	
264.54

	
49.87

	
57.77




	
F8

	
AA*AC*HA

	
497.13

	
520.39

	
245.52

	
256.93

	
54.45

	
56.66




	
F9

	
PF

	
397.13

	
446.53

	
179.10

	
195.66

	
26.41

	
32.43




	
F10

	
PF*HA

	
396.19

	
437.12

	
179.45

	
197.14

	
25.67

	
37.50




	
F11

	
PF*AC

	
456.65

	
538.8

	
224.68

	
270.94

	
57.29

	
55.86




	
F12

	
PF*AC*HA

	
440.68

	
532.06

	
200.74

	
255.10

	
52.11

	
54.34




	
F13

	
PF*AA

	
382.00

	
458.18

	
175.83

	
207.92

	
25.41

	
38.15




	
F14

	
PF*AA*HA

	
390.00

	
449.78

	
172.72

	
209.09

	
25.50

	
39.34




	
F15

	
PF*AA*AC

	
493.78

	
523.20

	
262.47

	
270.45

	
55.11

	
56.49




	
F16

	
PF*AA*AC*HA

	
496.79

	
532.87

	
263.45

	
271.58

	
52.03

	
57.17








C1–C8: average of 8 central points, S1–S8: from 1 to 8 star points.
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Table 7. Values of degraded organic matter (DOM) and degraded neutral detergent fiber (DNDF), as affected by PF, AA, AC and HA levels and their interactions in 2018/19 and 2019/20.






Table 7. Values of degraded organic matter (DOM) and degraded neutral detergent fiber (DNDF), as affected by PF, AA, AC and HA levels and their interactions in 2018/19 and 2019/20.





	
Treatments

	
DOM

(g kg−1)

	
DNDF

(g kg−1)




	
2018/19

	
2019/20

	
2018/19

	
2019/20






	
Central points




	
C1–C8

	
553.87

	
455.12

	
286.25

	
265.00




	
Star points




	
S1

	
545.00

	
467.00

	
273.00

	
260.00




	
S2

	
563.00

	
455.00

	
278.00

	
271.00




	
S3

	
558.00

	
470.00

	
297.00

	
254.00




	
S4

	
549.00

	
483.00

	
288.00

	
256.00




	
S5

	
675.00

	
650.00

	
390.00

	
365.00




	
S6

	
267.00

	
228.00

	
165.00

	
105.00




	
S7

	
574.00

	
464.00

	
286.00

	
265.00




	
S8

	
542.00

	
445.00

	
283.00

	
268.00




	
Factorial points




	
F1

	
1

	
583.00

	
536.00

	
300.00

	
280.00




	
F2

	
HA

	
562.00

	
525.00

	
311.00

	
284.00




	
F3

	
AC

	
430.00

	
405.00

	
211.00

	
230.00




	
F4

	
HA*AC

	
450.00

	
419.00

	
254.00

	
247.00




	
F5

	
AA

	
584.00

	
508.00

	
310.00

	
288.00




	
F6

	
AA*HA

	
591.00

	
531.00

	
304.00

	
311.00




	
F7

	
AA*AC

	
465.00

	
395.00

	
253.00

	
239.00




	
F8

	
AA*AC*HA

	
474.00

	
417.00

	
230.00

	
257.00




	
F9

	
PF

	
587.00

	
528.00

	
301.00

	
294.00




	
F10

	
PF*HA

	
594.00

	
519.00

	
312.00

	
320.00




	
F11

	
PF*AC

	
430.00

	
392.00

	
236.00

	
238.00




	
F12

	
PF*AC*HA

	
451.00

	
419.00

	
257.00

	
243.00




	
F13

	
PF*AA

	
577.00

	
522.00

	
311.00

	
282.00




	
F14

	
PF*AA*HA

	
582.00

	
531.00

	
316.00

	
315.00




	
F15

	
PF*AA*AC

	
454.00

	
416.00

	
244.00

	
240.00




	
F16

	
PF*AA*AC*HA

	
462.00

	
403.00

	
251.00

	
249.00








C1–C8: average of 8 central points. S1–S8: star points.
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Table 8. The regression equation describing the relationship between 100-grain weight (100 GW), number of spikes m−2(NSM−2), plant height (PH) and grain yield (GY) and the investigated factors in 2018/19 and 2019/20.






Table 8. The regression equation describing the relationship between 100-grain weight (100 GW), number of spikes m−2(NSM−2), plant height (PH) and grain yield (GY) and the investigated factors in 2018/19 and 2019/20.





	
Characteristic

	
Seasons

	
Equation

	
R2

	
C.V%






	
100 GW

(g)

	
18/19

	
Y = 3.37 + 0.22 X21 + 0.14 X22 − 0.81 X3 − 0.18 X23 + 0.13 X24.

	
0.83

	
6.42




	
19/20

	
Y = 3.62 − 0.08 X1 + 0.09 X21 + 0.12 X2 − 0.08 X22 − 0.56 X3 − 0.27 X23 + 0.08 X4 − 0.11 X2X3.

	
0.68

	
4.18




	
NSM−2

	
18/19

	
Y = 84.75 + 6.27 X22 − 34.50 X3 + 8.27 X24 − 10.25 X2X3,

	
0.89

	
11.25




	
19/20

	
Y = 72.37 +3.50 X1+ 6.78 X22 − 28.25 X3 +3.75 X4 + 6.78 X24 − 6.75 X2X3,

	
0.89

	
7.97




	
PH

(cm)

	
18/19

	
Y = 86.87 − 22.86 X3 − 7.77 X23 + 2.59 X4 − 3.38 X2X3.

	
0.92

	
1.41




	
19/20

	
Y = 76.42 − 20.97 X3 − 7.05 X23 + 4.71 X4 + 1.57 X24 − 1.14 X2X3.

	
0.94

	
2.27




	
GY

(t ha−1)

	
18/19

	
Y = 0.76 − 0.02 X1 + 0.04 X21 − 0.01 X22 − 0.26 X3 − 0.05 X23 − 0.03 X4 + 0.02 X24 + 0.06 X1X4 + 0.02 X2X4 + 0.01 X3X4.

	
0.93

	
2.59




	
19/20

	
Y = 0.57 − 0.02 X1 + 0.05 X21 − 0.03 X2 + 0.09 X22 − 0.15 X3 − 0.03 X23 − 0.04 X4 + 0.06 X24 + 0.03X1X4 + 0.09 X2X4 + 0.02 X3X4

	
0.75

	
1.40








X1: Potassium fertilization, X2: Ascorbic acid, X3: Age at cutting, X4: Humic acid.
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Table 9. Values of 100-grain weight, number of spikes m−2, grain yield and plant height, as affected by the levels of PF, AA, AC and HA and their interactions in 2018/19 and 2019/20.






Table 9. Values of 100-grain weight, number of spikes m−2, grain yield and plant height, as affected by the levels of PF, AA, AC and HA and their interactions in 2018/19 and 2019/20.





	
Treatments

	
100 GW (g)

	
NSM−2

	
GY (t ha−1)

	
PH (cm)




	
2018/19

	
2019/20

	
2018/19

	
2019/20

	
2018/19

	
2019/20

	
2018/19

	
2019/20






	
Central points




	
C1–C8

	
3.37

	
3.62

	
84.75

	
72.375

	
0.76

	
0.57

	
83.49

	
76.42




	
Star points




	
S1

	
4.44

	
3.94

	
72.00

	
80.00

	
1.12

	
0.81

	
76.66

	
69.30




	
S2

	
3.84

	
3.62

	
100.00

	
88.00

	
0.75

	
0.68

	
97.00

	
74.40




	
S3

	
3.65

	
2.98

	
96.00

	
92.00

	
0.74

	
0.82

	
71.00

	
76.50




	
S4

	
3.94

	
3.17

	
120.00

	
116.00

	
0.67

	
0.76

	
93.33

	
90.20




	
S5

	
5.00

	
4.59

	
172.00

	
155.00

	
1.09

	
0.78

	
109.33

	
98.70




	
S6

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00

	
0.00




	
S7

	
3.63

	
3.54

	
104.00

	
96.00

	
0.83

	
0.75

	
81.33

	
80.50




	
S8

	
3.92

	
3.70

	
128.00

	
112.00

	
0.84

	
0.76

	
92.33

	
87.30




	
Factorial points




	
F1

	
1

	
3.92

	
3.42

	
112.00

	
96.00

	
1.21

	
1.31

	
89.33

	
68.50




	
F2

	
HA

	
4.06

	
4.00

	
124.00

	
103.00

	
1.72

	
1.73

	
113.00

	
110.00




	
F3

	
AC

	
3.01

	
3.10

	
72.00

	
67.00

	
0.74

	
0.61

	
65.33

	
54.20




	
F4

	
HA*AC

	
3.94

	
3.87

	
96.00

	
73.00

	
0.44

	
0.67

	
71.00

	
60.40




	
F5

	
AA

	
4.50

	
4.23

	
132.00

	
112.00

	
1.44

	
1.52

	
96.33

	
80.60




	
F6

	
AA*HA

	
4.77

	
4.49

	
164.00

	
124.00

	
1.02

	
0.86

	
100.30

	
81.90




	
F7

	
AA*AC

	
3.03

	
2.81

	
48.00

	
36.00

	
0.57

	
0.57

	
40.30

	
40.00




	
F8

	
AA*AC*HA

	
2.84

	
2.94

	
64.00

	
40.00

	
0.47

	
0.58

	
55.00

	
57.00




	
F9

	
PF

	
4.20

	
4.23

	
148.00

	
110.00

	
1.50

	
1.33

	
96.00

	
88.00




	
F10

	
PF*HA

	
4.68

	
3.45

	
104.00

	
112.00

	
1.16

	
0.78

	
101.00

	
91.30




	
F11

	
PF*AC

	
2.98

	
2.86

	
80.00

	
71.00

	
0.46

	
0.75

	
56.00

	
43.40




	
F12

	
PF*AC*HA

	
3.11

	
2.98

	
80.00

	
80.00

	
0.51

	
0.43

	
69.00

	
56.00




	
F13

	
PF*AA

	
4.44

	
3.76

	
120.00

	
100.00

	
1.17

	
0.83

	
100.66

	
93.00




	
F14

	
PF*AA*HA

	
4.44

	
3.79

	
152.00

	
112.00

	
1.02

	
1.01

	
102.66

	
102.60




	
F15

	
PF*AA*AC

	
3.17

	
3.58

	
60.00

	
64.00

	
0.45

	
0.81

	
48.20

	
45.50




	
F16

	
PF*AA*AC*HA

	
3.27

	
3.89

	
72.00

	
70.00

	
0.53

	
0.71

	
64.44

	
53.30








C1–C8: average of 8 central points. S1–S8: star points.
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