
CHILEAN JOURNAL OF AGRICULTURAL RESEARCH  83(4) August 2023 - www.chileanjar.cl 398 
 

RESEARCH ARTICLE 
 

Wheat or maize silage in feeding strategies for cows in small-

scale dairy systems during the dry season 
 

Cloe D. Álvarez-García1, Carlos M. Arriaga-Jordán1, Julieta G. Estrada-Flores1, and Felipe 

López-González1* 

 
1Universidad Autónoma del Estado de México, Instituto de Ciencias Agropecuarias y Rurales (ICAR), Campus 

UAEM El Cerrillo, CP 50090, Toluca, Estado de México, México.  
*Corresponding author (flopezg@uaemex.mx). 

Received: 25 November 2022; Accepted: 23 January 2023, doi:10.4067/S0718-58392023000400398 

 

 

ABSTRACT 
 

The conservation of forage as silage allows its application during the dry season in dairy cattle feeding. The 

most commonly used forage for this purpose is maize (Zea mays L.), but due to the possible effects of 

climate change, the diversification of crops with shorter agronomic cycles as wheat (Triticum aestivum L.) 

should be considered. Therefore, the objective was to evaluate the chemical composition of silages, the 

productive response of dairy cows fed wheat and maize silage, as well as their feeding costs. Three 

treatments were evaluated with 9.8 kg DM cow-1 d-1 silage plus 4.6 kg DM cow-1 d-1 commercial concentrate 

each. Treatments were 100% wheat silage (WS), 50% wheat silage-50% maize silage (WMS), and 100% 

maize silage (MS). Six Holstein cows were used in groups of three randomly assigned to treatment sequence 

in a 3×3 Latin square design repeated twice. There were significant differences (P < 0.05) between 

treatments in silage chemical composition, except in NDF and ADF (P > 0.05). There were nonsignificant 

differences in animal variables (P > 0.05) with mean milk yield of 15.4 kg cow-1 d-1, 33.7 g kg-1 milkfat, 

30.5 g kg-1 milk protein, 481.2 kg live weight and 2.1 body condition score. There were significant 

differences (P < 0.05) in silage and total DM intake in the third experimental period (three periods, 14 d 

each one) with 8.1 and 12.7 kg DM cow-1 d-1, respectively. Although cost for wheat silage were higher than 

maize silage, all three treatments showed positive margins on feeding costs.  
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INTRODUCTION 
 

It is estimated that around 150 million small-scale dairy farms are engaged in milk production worldwide, 

most of them in developing countries, so if properly managed, the small-scale dairy sector could serve for 

poverty reduction (Hemme and Otte, 2010). In Mexico, small-scale milk production systems are 

characterized by herds of 3 to 35 cows plus replacements, comprised over 70% of specialized dairy farms 

and accounted for over a third of national milk production (Martínez-García et al., 2015). Within these 

systems, dairy farmers face uncertainty factors, such as the price of inputs and products (Posadas-

Domínguez et al., 2013), which is related to feed costs, as these range from 52% to 70% of production costs 

(Martínez-García et al., 2015) in addition to a high dependence on external inputs such as commercial 

concentrate, straw, and hay, which limits their sustainability (Gómez-Miranda et al., 2020a).  

The importance of ruminants lies in their ability to convert forage into food of animal origin, which 

becomes more relevant in terms of global food production as the population grows in the coming decades 

(Wilkinson and Davies, 2012), e.g., globally milk production is projected to grow by 1.8% in the next decade 

(OECD-FAO, 2022).  
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On the other hand, the growth of agricultural crops depends on climatic conditions, as the greatest 

amount of green forage is produced when there is greater availability of water (OECD-FAO, 2022), 

subsequently there will be limitation in the growth of forage, linked to the scarcity of rainfall 

(Martínez-Fernández et al., 2014).  

Among forage crops, maize (Zea mays L.) is the crop most used by small-scale farmers, mostly as silage 

because of its high concentration of soluble carbohydrates that allow good fermentation (Albarrán et al., 

2012). However, due to the possible effects of climate change, diversification of crops used for animal feed 

should be considered, with shorter agronomic cycles, such as small grain cereals (Becerril-Gil et al., 2018), 

which require less water compared to maize, with good yields and nutritional quality, which can adapt to 

adverse climatic situations (Vega-García et al., 2020). Among these cereals is wheat (Triticum spp.), which 

is the most cultivated cereal in the world (Vega-García et al., 2021) that has a wide range of adaptation, 

grows in diverse environments, and can be sown in both spring and winter (Hernández et al., 2015).  

Forage conservation as silage is a source of nutrients for livestock nutrition in many countries (Wilkinson 

and Davies, 2012). The importance of this lies in taking advantage of the excess forage produced during the 

rainy season (Martínez-Fernández et al., 2014), for use during the dry season (Vega-García et al., 2021). 

Silage is defined as a process of preserving forage in a wet state by acidification through fermentation, 

which prevents plant decay and undesirable microbial activity (Martínez-Fernández et al., 2014).  

The use of silage makes it possible to maintain the body condition of the animals during the dry season 

without reducing production efficiency (Velázquez-Martínez et al., 2022). Therefore, the hypothesis is that 

whole-crop wheat preserved as silage is a forage option for feeding dairy cows during the dry season, with 

which, the objective was to evaluate the chemical composition, in vitro digestibility, and productive 

response with the use of wheat silage, wheat silage with maize and maize in the feeding of dairy cows in 

small-scale dairy systems.  

 

MATERIALS AND METHODS 
 

Study area 

An on-farm experiment was undertaken with a participating farmer, following a rural participatory research 

approach (Conroy, 2005); since, according to Stroup et al. (1993) for developing countries to meet food 

demand, farmers must become active participants in the development process and in agricultural research. 

The participating farmer was informed of the objectives and the experiment followed his management 

decisions; and his and his family’s privacy was respected, so names are not included.  

The procedures were carried out according to the guidelines of Instituto de Ciencias Agropecuarias y 

Rurales (ICAR) of Universidad Autónoma del Estado de México and the experiment was institutionally 

approved (11-MAY-2022-01).  

The experiment was conducted in the municipality of Aculco (20°06′-20°17′ N, 99°40′-100°00′ W; 2440 

m a.s.l.), located in the northwest the State of Mexico, with a sub-humid temperate climate and annual 

rainfall of 700 to 1000 mm (López-González et al., 2017). The experiment was carried out during the dry 

season and lasted 42 d divided into three periods of 14 d each, with 11 d of adaptation to the diet and 3 d of 

sampling and measurements, which began on 18 January 2022 and ended on 11 March 2022.  

 

Crop management and crop variables  

Maize (Zea mays L.) crop was sown according to the practices of the participating farmer on 23 May 

2021, with 30 kg ha-1 seed and fertilized with 138 kg ha-1 N, harvested on 1 November 2021 at 161 d 

post sowing in a milk-dough stage. The wheat (Triticum aestivum L.) crop was sown on 26 August 

2021 with a sowing density of 120 kg ha-1 seed, with a fertilizer rate of 103 N-60 P-40 K kg ha-1, divided 

into two applications, at sowing and 25 d after sowing. The crop was harvested on 3 December 2021, 

99 d after sowing, at a milk-dough stage. Both crops were harvested and then ensiled separately in a 

ground silo. The harvested forage was compacted with a tractor and covered with a sheet black plastic 

(600-calibre) and sealed with soil on top.  
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Herbage mass was estimated cutting to 10 cm ground level forage samples with a 0.5 × 0.5 m metal 

square placed at random. Forage samples were dried in a draught oven at 55 °C for 48 h, results were 

reported in kg DM ha-1. Forage height was recorded in m with a measuring tape.  

 

Animals and treatments 

The experiment was conducted with six Holstein cows in first and second third of lactation, with a similar 

milk daily yield and mean live weight of 482 ± 87 kg cow-1. Cows were grouped according to number of 

calvings and pre-experimental milk yield, where each pair of cows was assigned a treatment under a 3×3 

Latin square experimental design repeated twice. Three treatments were evaluated: 100% Maize silage (9.8 

kg DM cow-1 d-1) (MS), 50% maize silage (4.9 kg DM cow-1 d-1)/50% wheat silage (4.9 kg DM cow-1 d-1) 

(WMS) and 100% wheat silage (9.8 kg DM cow-1 d-1) (WS). The cows also received 4.6 kg DM cow-1 d-1 

commercial concentrate and free access to water in the pen.  

 

Animal variables 

The milk yield of each cow was recorded in kg cow-1 d-1 during the last 3 d of each experimental period 

with a clock scale (Torino-Oken, Mexico). Milking was carried out with a milking machine (model 

TJAL-252-G, Ordemex, Mexico) twice a day (05:00 and 16:00 h). Milk samples were taken to form 100 

mL aliquots, for this purpose, samples were taken from each cow during the morning and afternoon 

milkings, which were mixed in equal proportions to later determine the chemical composition of the milk.  

Live weight (LW) was recorded on two consecutive days with an electronic scale (model W310, 

Gallagher, Hamilton, New Zealand) and body condition score (BCS) was measured on a scale of 1 to 

5 on the last day of each period. Silage DM intake (DMI) was estimated by the difference between the 

weight of the offered and rejected silage (Celis-Alvarez et al., 2016), expressed in kg DM cow-1 d-1.   

The chemical composition of milk (fat, protein and lactose) was determined with an ultrasound milk 

analyzer (Model MCC, Lactoscan, Nova Zagora, Bulgaria). Milk urea N (MUN) was also determined 

by the enzymatic colorimetric method described by Chaney and Marbach (1962).  

Chemical composition analyses of silages included DM, organic matter (OM), calculated using the 

Daysi-ANKOM method, crude protein (CP) while N content was obtained using the Kjeldahl method, 

the result was multiplied by a factor of 6.25 (AFRC, 1993) to obtain the amount of crude protein (CP), 

neutral detergent fiber (NDF), acid detergent fiber (ADF), in vitro digestibility of DM (IVDMD) and 

estimated metabolizable energy (eME) were determined following standard procedures (Celis-Alvarez 

et al., 2017). The pH of silages was determined by dilution of silage in distilled water.  

 

Economic analysis 

A partial budgeting method was used considering feeding costs and returns from milk sales between 

treatments (Celis-Alvarez et al., 2016).  

 

Experimental design and statistical analysis  

Chemical composition variables were analyzed by ANOVA using a completely randomized experimental 

design, using the following model (Lawal, 2014):  

 
where µ is the overall mean, t is the effect due to treatments and e is the experimental error.  

Animal variables were analyzed with ANOVA using a 3×3 Latin square experimental design repeated 

twice. The allocation of treatment sequences and of cows to sequences within squares was randomized, 

following the model (Kaps and Lamberson, 2004):  
 

 
where µ is the overall mean; S is the effect due to squares i = 1, 2; C is the effect due to cows within 

frames j = 1, 2, 3; P is the effect due to experimental periods k = 1, 2, 3; t is the effect due to treatments l = 

1, 2, 3, and e is the experimental error.  

Tukey’s test was applied when differences in the ANOVA were significant (P < 0.05).  

http://www.chileanjar.cl/


CHILEAN JOURNAL OF AGRICULTURAL RESEARCH  83(4) August 2023 - www.chileanjar.cl 401 
 

RESULTS 
 

Herbage mass of crops and chemical composition of silages  

The DM of wheat was 34% higher than that of maize (Table 1). Maize yield was 14400.5 kg DM ha-1 and 

the mean height was 2.9 m.  

 

 

Table 1. Yield, dry matter and height of wheat and maize crops. DM: Dry matter; HM: 

herbage mass. 

 
 

 

In terms of chemical composition, there were significant differences (P < 0.05) for all silage variables, 

except for NDF and ADF (P > 0.05). The DM of WS was 14% and 35% higher compared to WMS and MS 

respectively. The OM content was higher in the MS treatment; on the other hand, CP was higher in the WS 

treatment. The MS treatment showed better quality to the rest of the treatments, in terms of higher values of 

IVDMD and eME (Table 2), but lower CP content.  

As a pH lower than 4.0 is an indicator of sound fermentation and stability (Ali et al., 2015), MS was 

more stable with a pH of 3.9, compared to WS with a pH of 4.5 (Table 2).  

 

 

Table 2. Chemical composition of silages. Different letters in the column indicate 

significant differences according to Tukey’s test (P < 0.05). WS: Wheat silage; WMS: 

wheat-maize silage; MS: maize silage; SEM: standard error of the mean; DM: dry matter; 

OM: organic matter; CP: crude protein; NDF: neutral detergent fiber; ADF: acid detergent 

fiber; IVDMD: in vitro digestibility of DM; eME: estimated metabolizable energy.  

 
 

 

 

Animal variables 

The results of the animal variables of milk yield and chemical composition, live weight, and body 

condition score, showed nonsignificant differences (P > 0.05) between treatments or between 

experimental periods (Table 3). For silage DM intakes there were nonsignificant differences 

(P > 0.05) between treatments, but there were significant differences between experimental periods 

for SDMI and TDMI (Table 4), where experimental period 3 showed higher intakes (P < 0.05).  
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Table 3. Animal variables of milk yield and chemical composition, milk urea N, live weight 

and body condition score of treatments and by experimental period. WS: Wheat silage; WMS: 

wheat-maize silage; MS: maize silage; SEM T: standard error of the mean of the treatments; 

SEM EP: SEM of experimental periods; MY: milk yield; MUN: milk urea N; LW: live weight; 

BCS: body condition score.  

 
 

 

Table 4. Dry matter intake. Different letters in the row indicate significant differences 

according to Tukey’s test (P < 0.05). WS: Wheat silage; WMS: wheat-maize silage; MS: 

maize silage; SEM T: standard error of the mean of the treatments; SEM EP: SEM of 

experimental periods; CC: commercial concentrate; SR: silage refusal; SDMI: silage DM 

intake; TDMI: total DM intake. 

 
 

 

The cost analysis of the treatments showed that in MS, the cost of silage was lower compared 

to the other treatments during the experiment and higher margin over feed costs compared to WMS 

by 13% and 20% with WS (Table 5).  

 

 

Table 5. Feeding costs and returns. WS: Wheat silage; WMS: wheat-maize silage; MS: maize silage. 

 
 

http://www.chileanjar.cl/


CHILEAN JOURNAL OF AGRICULTURAL RESEARCH  83(4) August 2023 - www.chileanjar.cl 403 
 

DISCUSSION 

 

Chemical composition of silage 

The herbage mass of the wheat crop was 5294 kg DM ha-1, lower than reported by Vega-García et al. (2021) 

with 5419 kg DM ha-1, likewise, the mean height was 0.7 m, lower than reported by Vega-García et al. 

(2021) with 0.8 m. The phenological stage of the crop must be taken into account in the ensiling process, 

since during the flowering stage the DM content is low, but the concentration of soluble carbohydrates is 

high, while during the milk-ripe phenological stage the DM increases, but the concentration of soluble 

carbohydrates decreases, which in turn reduces the risk of undesirable fermentations (Filya, 2003).  

The wheat forage prior to ensiling had DM of 359.1 g kg-1, close to that reported by Filya (2003) with 

366 g kg-1 at a milk stage of the wheat crop, suitable to obtain a good ensiling process, as Xia et al. (2018) 

mention the phenological stage when a higher nutritional quality is obtained is during the milk and the milk-

ripe stage, which is high in sugars and protein, with a DM content of 30% to 35% that allows a successful 

silage. On the contrary, DM value for maize prior to silage was 235.5 g kg-1, despite this value that can be 

considered medium ensilability according to Martínez-Fernández et al. (2013), the ensiling process was 

adequate.   

The nutritive value of silage is influenced by several factors, such as maize variety, agronomic factors 

(soil type, fertilization), and growing conditions (water availability, temperature, irradiation), phenological 

stage at harvest, harvesting practices, as well as ensiling conditions (Khan et al., 2015). Similarly, changes 

in nutrient components will occur as the plant matures, with a decrease in the nutritive value of the cell wall, 

as well as a decrease in cell content (Filya, 2003).  

Four stages are described within the silage process: An initial aerobic phase in the silo after harvest, the 

fermentation phase, the stable storage phase in the silo and the feed-out phase, the latter of which involves 

opening the silo, when the silage is exposed to the air (Wilkinson and Davies, 2012). After silo opening, 

DM values were 393 g kg-1 for WS and 260.8 g kg-1 for MS similar to the DM, which increased from the 

initial value, reflecting a restriction in fermentation degree and a higher concentration of soluble 

carbohydrates in the resulting silage (Wilkinson and Davies, 2012).  

The OM for the MS treatment was 926.3 g kg-1 DM, which is above that reported by Sainz-Ramírez et 

al. (2021) with 927 g kg-1 DM-1, WS mean was 844.1 g kg-1 DM, lower than that reported by Xia et al. 

(2018) with 937.6 g kg-1 DM for wheat silage. This difference could be due to silage deterioration caused 

by exposure to air, which results in reduced nutritive value, attributed to the loss of fermentation products 

that are potentially digestible substrates (Wilkinson and Davies, 2012).  

Within CP, the mean for the WS treatment was 81.1 g kg-1 DM, value lower than that reported by Xia et 

al. (2018) with 94.9 g kg-1 DM for wheat silage. The MS CP content had a mean of 74.4 g kg-1 DM, lower 

than that reported by Sainz-Ramírez et al. (2021) with 86 g kg-1 DM and Albarrán et al. (2012) with 79.9 g 

kg-1 DM, where Xia et al. (2018) mentioned in regard to CP that there can be degradation and loss in the 

silage if there is a more extensive fermentation due to the presence of high moisture in the forage during the 

ensiling process, both silages have a low protein intake, hence the need to supplement the cows with 

commercial concentrate.  

Mean NDF and ADF were higher than reported by Xia et al. (2018) with 411.2 and 235.4 g kg-1 DM for 

wheat silage respectively, similarly results were also higher than reported by Sainz-Ramírez et al. (2021) 

with 505 and 231 g kg-1 DM for maize silage respectively. The high NDF values observed can be related to 

the limited fermentation in the ensiling process (Xia et al., 2018).  

Regarding forage digestibility, its value will be a function of NDF and energy concentration, since the 

higher the amount of non-fibrous carbohydrates, the more energy for forage colonization by rumen 

microbiota (Zhang et al., 2020). The IVDMD and eME values for the WS treatment were 579.5 g kg-1 DM 

and 8.2 MJ kg-1 DM, lower than what reported by Xia et al. (2018) with 691.5 g kg-1 DM and 9.8 MJ kg-1 

DM for wheat silage respectively, on the contrary, values for MS in terms of IVDMD and eME were lower 

than reported by Sainz-Ramírez et al. (2021) with 708 g kg-1 DM and 10.5 MJ kg-1 DM respectively. 
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Acidity, indicated by pH, is a factor that will be dependent on the DM present in the forage, as 

the lower the DM there will be a slow decrease in pH (König et al., 2017). In the present study, the 

mean pH for the WS treatment was higher than reported by Xia et al. (2018) with 4 .0, and for MS 

the mean pH was 3.8, close to that reported by Sainz-Ramírez et al. (2021) with 3.9. Ali et al. 

(2015) considered a suitable pH value of 4.0 for a stable silage, although there are factors that will 

influence the rate of pH decrease, such as the silage temperature that will affect the time needed to 

reach a final low pH, which, in turn, this period and the final pH will influence the degradability 

of the silage in the rumen. The higher pH of the WS treatment could be due to lactic acid 

metabolism by aerobic bacteria, which have less acidic end products, which will also lead to 

carbohydrate and protein losses (Wilkinson and Davies, 2012). On the other hand, the pH decrease 

in silages resulting from microbial fermentation may decrease CP degradation (Xia et al., 2018).  

 

Productive response of dairy cows 

Milk yields of cows fed small grain cereal silage for small-scale milk production systems in the study area 

range from 15.2 to 16.5 kg milk cow-1 d-1 during the dry season (Becerril-Gil et al., 2018; Vega-García et 

al., 2020), higher than reported in this study. For maize silage, yields of 10.6 to 16.0 kg milk cow-1 d-1 have 

been reported (Becerril-Gil et al., 2018; Sainz-Ramírez et al., 2021), where MS milk yields are within this 

range. For diets that include silage mixture of two crops (oats-maize) the mean yield ranges from 15 to 16 

kg milk cow-1 d-1 (Becerril-Gil et al., 2018), close to that reported for WMS.  

The mean milk fat was 33.5 g kg-1 for WS, higher than reported by Vega-García et al. (2020), but lower 

than Becerril-Gil et al. (2018) for cows fed black oat silage, the mean for MS was similar to that reported 

by Albarrán et al. (2012) with 33.8 g kg-1. Regarding protein and lactose in milk for WS it was below that 

reported by Vega-García et al. (2020) with 32.3 and 46.6 g kg-1 respectively. For protein in milk, in MS it 

was lower than reported by Albarrán et al. (2012) with 32.2 g kg-1, in lactose the value was lower than 

reported by Becerril-Gil et al. (2018). In turn, Costa et al. (2019) stated mean lactose values of 47 g kg-1 for 

cow’s milk, which are close to the values here reported. The fat, protein and lactose values of the treatments 

are within limits of the Mexican standards for raw milk.  

The MUN value is used as a non-invasive way to estimate N excretion in dairy cows (Kohn et al., 2002), 

which is considered as an indicator of the efficiency of N utilization in the diet of dairy cows, with ranges 

of 11 to 18 mg dL-1 and 10 to 14 mg dL-1 (Powell et al., 2011). The means for the treatments are within 

these ranges. This suggests adequate feed protein content and efficiency.  

 

Dry matter intake 

Silage quality will have a major impact on silage intake, although it is difficult to predict silage intake based 

on silage quality alone, as other factors such as supplementation and milk production must be considered 

(Hetta et al., 2007).  

Some authors mention that the higher the digestibility of a feed, the higher the DM intake (Hetta et al., 

2007), and the available energy will be reflected which indicates the quality of feed (Hetta et al., 2007), 

which is not shown in the present study, since although the WS treatment had lower digestibility than the 

MS treatment, neither the intake nor the milk yield were affected.   

Dry matter intake of silage increases with increasing forage maturity prior to ensiling with a DM content 

of 300-350 g kg-1, on the contrary, it decreases with high forage moisture content, which could be limited 

by the end products of fermentation (Khan et al., 2015), which was not present in the study as the MS 

treatment had lower DM content compared to WS, which did not affect the consumption of these silages. 

Another factor to consider in terms of DMI is the proportion of NDF that is not digested in the rumen, which 

could limit the rate of passage of forages from the rumen, thus limiting intake (Zhang et al., 2020). Silage 

DM intake represented nearly 80% total DM offered, which after refusals represented 63% DM intake, with 

no differences among treatments. The proportion of forage in the final intake was lower than that reported 

by Vega-García et al. (2020) with a 70% intake of small grain cereal silage and with respect to Albarrán et 

al. (2012) with a 72% intake of maize silage.  
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Cost analysis 

Partial budgets were used to compare feeding costs as well income over feed costs is considered as an 

indicator of the profitability of a farm (Prospero-Bernal et al., 2017). All three treatments showed positive 

margins over feed costs, which as stated by Sainz-Ramírez et al. (2021), a high proportion of roughage in 

the diet of cows reduces costs and increases incomes.  

However, feed costs were lower in MS, which is due to the higher DM production of forage from the 

maize crop, these costs were close to WMS and 10% less compared to WS. Income from milk sales was 

similar in MS and WMS, but lower than WS by 10%. Income over feed costs was higher in MS with 2.1, 

which was 19% higher than those reported by Sainz-Ramírez et al. (2021) with 1.7, for WMS and WS they 

were similar with 1.8 and 1.7, respectively, which were 17% higher than those reported by Gómez-Miranda 

et al. (2020b) for barley silage alone and in mixture with a value of 1.49, these results indicate that the 

inclusion of MS was more profitable compared to WS and WMS.  

 

CONCLUSIONS 
 

The results showed that there were significant differences between treatments with respect to chemical 

composition and pH of silages, which did not affect milk yield and intakes of dairy cows fed wheat silage, 

maize silage and the mixture of wheat silage and maize silage.  

The use of wheat silage increased feeding costs, however, all three treatments had positive margins on 

feeding costs and the use of wheat silage may be an option when climatic conditions do not allow the maize 

crop to grow adequately or to be harvested in time.  
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