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Abstract

Understanding the connection between alfalfa (Medicago sativa L.) harvesting stage and forage quality will allow optimum timing of harvest. A field
experiment was established to study the variation of forage quality of six cultivars of alfalfa harvested at three stages of harvest duration. The forage
quality of alfalfa cultivars was significantly different at different stages of plant development. Crude fiber, NDF and ADF increased with increasing
plant age ranging from 16.9%, 40.27 g kg™ ' DM and 23.3 g kg™ DM to 26.4%, 49.38 g kg™ ' DM and 41.33 g kg™ ' DM, respectively; while leaf to stem
ratio, crude protein, DMD, TDN, DMI, RFV and ME decreased from 1.54%, 72.33 g kg™ ' DM, 71.25 g kg™ DM, 3.01 g kg~ DM, 175.33% and 1.29 MJ to
1.12%, 50.66 g kg™ ' DM, 48.03 g kg™ ' DM, 2.45 g kg™ ' DM, 85.25% and 6.61 MJ. Difference in the forage quality among alfalfa cultivars can be mainly
caused by genetic diversity of plants and variation in the partitioning of assimilates to reproductive parts. The recognized superior cultivar will be used
to improve the nutritional value of forage crops in the breeding programs. Our data suggests that the relationship between forage quality and harvest
time had significant effect on forage quality than cultivar differences or genetic selection.

Highlights
« In arid and semi-arid regions, the cultivars Fasta and Meldor meet all forage quality standards.
« Early harvesting may be an effective strategy to enhance forage quality.

« Lower level of protein might be the reason of loss of leaves and higher rate of stem in total canopy.

Introduction

Alfalfa (Medicago sativaL.) is a forage legume with high quality and yield which requires lower nitrogen fertilizer than other forage crops due to its
ability to fix atmospheric nitrogen. Considering the rising prices of maize due to its higher irrigation requirements and use in biofuel industry, alfalfa
hay might be a promising alternative for forage and hay production [1]. Balancing quality and quantity of alfalfa depends more on harvesting stage
than on genetic selection. Of course, genetic factors should also be considered but the choice of the best cultivar and stage of cutting should be
considered together to achieve the highest yield with high nutritive value. This means that changes in harvesting time affect the ranking of cultivars in
terms of forage quality [2]. Genetic improvement of alfalfa by routine plant breeding has been focusing on traits such as forage yield and forage
nutritive value in arid and semi-arid regions. However, selection of suitable cultivar for arid and semi-arid regions is one of the strategic management
approaches to justify the production of plants per unit area. Harvest schedule is another important management strategy that can increase the quality
and quantity of plants. It has been reported that the best harvesting time for alfalfa is associated with flowering time [3, 4]. Although early harvesting
guarantees a higher protein content but the early cut strategy is not suitable due to lower yield production. The stems make up more than 50% of dry
matter in alfalfa and as the stems mature, the fiber concentration enhances [5]. Therefore, harvesting time can change the digestibility of alfalfa which
impacts the dairy market substantially by reducing animal waste, increased animal productivity and reduced feed costs.

In summary, early harvest leads to high protein and DMD values but yielded low hay while, late cut resulted in high hay yield with low protein and DMD
values. Each producer aims to obtain forage with higher nutritive value with minimum reduction in biomass, but the challenge is determining how
much the improvement in protein and nutritive value of forage balances the loss of herbage yield. Also, in arid and semi-arid regions with limited water
availability, the selection of most suitable cultivar must be considered. Therefore, the objectives of the current study were: 1) evaluation of LAl and
leaf to stem ratio, 2) investigation of genetic variation in forage quality and 3) determine of best alfalfa cultivars.

Materials and Methods

This experiment was conducted on a 2-year old stands of six alfalfa (Medicago sativa L.) cultivars at the research farm of Islamic Azad University
(Varamin, 918 m.a.s.l, 35°32'52" N, 51°64'72"E) on silty loam soil. Plots were assigned in a randomized complete block design with a factorial
arrangement of six cultivars (Fasta, Timbale, Melissa, Hamadani, Meldor, and Sovrana) and three first cut management schedules (at 10, 50 and 100%
flowering stage) with three replications. Soil analyses showed that the levels of nitrogen, phosphorous and potassium were 0.17%, 5.1 mg kg™ " and
300 mg kg™ " with soil pH between 7.4 and 7.8. Monthly temperature and precipitation data were recorded each year (Fig. 1). Phosphorous and
potassium were amended each fall to meet recommendations for alfalfa production. The plots were 1x5 m and consisted of 5 rows spaced 20 cm
apart. The seeds (20 kg ha™ ") of alfalfa cultivars were drilled (20-cm row spacing) in the first week of February 2017, which was the year of
establishment. In the first two years of plant life (2017 and 2018), all cultivation practices were carried out based on local recommendations, and all
plants were cut twice in order to ensure successful plant establishment [6, 7].

Harvest treatments were laid out in 2019 and 2020 (late June-late August), between 09:00 am and 11:00 am when 10, 50 and 100% flowers had
appeared. Leaf area index was measured using an electronic leaf area meter, LI-3100-LICOR, Lincoln, NE, USA. Estimation of total dry matter was done
by harvesting 1 m? of herbage from the center of each plot. The cuts were initiated 5 cm above the soil surface. In each cut, a 100 g sample of fresh
herbage was weighed, separated in two plant components (leaf and stem) and dried at 60 -C for 72 hours, after which the leaf to stem ratio was
calculated.
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For herbage analytical determination (crude fiber, NDF and ADF), dried samples were ground to 1 mm particles and analysed by near-infrared
reflectance spectroscopy. Crude protein content was calculated as nitrogen x 6.25 [8]. The neutral detergent fiber (NDF) and acid detergent fiber
(ADF) content was determined by the Filter Bag Technique [9]. Dry matter digestibility (DMD) was estimated according to the following Eq. (1), in
which all values are given g kg™ ' on a dry matter basis [10]:

‘ DMD = 88.9 - (0.779 x ADF) ‘

‘ Equation 1 ‘

The total digestible nutrients (TDN), dry matter intake (DMI), relative feed value (RFV), metabolism energy (ME) and net energy for lactation (NEL)
values were determined using the following formulas [11]:

| TDN=-1.291x ADF |
Equation 2

DMI =120/ NDF

Equation 3

RFV =DMD x DMI x 0.775
Equation 4

ME = (0.17 x DMD)-2

Equation 5

NEL= (1.044-(0.0119xADF) x 2.205

Equation 6

Analysis of variance (ANOVA) was used to estimate the interaction between year, cultivar and harvesting stage and LSD test was conducted for
comparison of mean values at 5% probability level. SAS 9.1 and S-PLUS ver. 6.1 software, USA was used for Principal Component Analysis (PCA)
based on biplot analysis [12].

Results

Analysis of variance

The results showed that year, harvesting stage, and cultivar treatments had a significant effect on all traits. Year had significant influence on leaf/stem
ratio, leaf area index, crude fiber, ADF, TDN and NEL. The analysis of variance (Table 1) indicated that both harvesting stages and cultivar treatments
had significant effect on all studied traits. The three way interaction between year, harvesting stage and cultivar had a significant effect on traits
including leaf/stem ratio, leaf area index, crude fiber, ADF, TDN, RFV and NEL. Significant differences between cultivars were observed over the two
years for leaf/stem ratio, leaf area index, crude fiber, NDF, DMD, DMI, RFV and ME. There was a significant interaction between year and harvesting
stage for leaf/stem ratio, leaf area index, crude fiber, NDF, ADF, TDN, DMI, RFV and ME. Except crude protein, all studied traits were significantly
affected by the interaction between harvesting stage x cultivar treatments.

Cluster and PCA analysis

The results of PCA (Figure 2B) showed that the two components (first and second) had an Eigen value greater than one and were selected as the
most effective components accounting for 98.45% of the total variance. The biplot analysis revealed that 10% flowering+ Fasta, 10% flowering+
Melissa, 10% flowering+ Sovrana, 50% flowering+ Melissa and 50% flowering+ Hamadani placed in the same group due to their high affinity which
associated with NDF. In addition, 10% flowering+ Meldor, 100% flowering+ Timbale, 100% flowering+ Meldor and 100% flowering+ Sovrana clustered
together in the same group and showed a strong correlation with crude protein, ADF, DMD, TDN, ME and NEL.

The dendrogram obtained from the cluster analysis (Figure 2A) showed that the treatments in the present experiment were divided into three distinct
groups based on all the measured traits. In the first group, five treatments 100% flowering+ Fasta, 100% flowering+ Hamadani, 50% flowering+ Meldor,
100% flowering+ Melissa and 10% flowering+ Fasta were placed in one cluster due to their high affinity. In the second group, the largest number of
treatments (8 treatments) were clustered together based on proximity, which included 100% flowering+ Sovrana, 100% flowering+ Timbale, 10%
flowering+ Meldor, 50% flowering+ Melissa, 50% flowering+ Hamadani, 10% flowering+ Sovrana, 100% flowering+ Meldor and 10% flowering+ Melissa.
Cluster analysis separated five treatments- 10% flowering+ Hamadani, 10% flowering+ Timbale, 50% flowering+ Fasta, 50% flowering+ Timbale and
50% flowering+ Sovrana due to high relatedness in the third cluster.

Leaf/stem ratio
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Averaged by harvesting stage and cultivar, all plants in 2020 had a higher leaf/stem ratio compared to 2019 (Table 2). In 2019, the maximum
leaf/stem ratio was observed in cultivars Fasta, Hamadani and Meldor at 10% flowering stage (1.54) followed by Sovrana cultivar harvested at 50%
flowering stage (1.32) and Meldor cultivar at 100% flowering stage (1.31) which were statistically at par. However, the leaf/stem ratio of Timbale
cultivar was not affected by harvesting stage. In 2020, the highest leaf/stem ratio was recorded in Fasta cultivar at 10% flowering stage (1.76)
followed by Hamadani cultivar at 10% flowering stage and Meldor at 50% flowering stage (1.48). At the 10% flowering stage, no significant difference
was observed among Meldor, Melissa, Sovrana and Timbale cultivars

Leaf area index

The leaf area index of alfalfa cultivars was significantly affected by three-way interaction of year, harvesting stage and cultivar (Table 2). In 2019,
Fasta cultivar harvested at 10% flowering stage yielded 43.3% and 43.8% higher leaf area index compared to 50% and 100% flowering harvesting
stages, respectively. Averaged across all cultivars in 2019, plants harvested at 10% flowering stage had 29.02% and 31.2% higher leaf area index than
those harvested at 50% and 100% flowering stages, respectively. Likewise, at two levels of harvesting stage (50% and 100% flowering stage) almost
all cultivars were in the same statistical level and there was no significant different among them. In 2020, Fasta cultivar harvested at 10% flowering
stage (4.24) and recorded significantly higher leaf area index than any other cultivars. However, different results were obtained at mid and late
flowering stage (50% and 100% flowering stage). Alfalfa cultivars of Timbale (3.22), Sovrana (3.18) and Melissa (3.03) at 50% flowering stage and
alfalfa cultivars Fasta (2.31) and Meldor (2.28) at 100% flowering stages showed significantly higher leaf area index than other cultivars.

Crude protein

A high variability in crude protein was found among the harvesting stage and cultivar (Table 3). The average value of crude protein was higher in
samples harvested at the 10% flowering stage which was higher than 50% and 100% flowering stage by 5.7% and 10.8%, respectively. Data showed
that cultivar of Hamadani had maximum crude protein (17.52%) followed by Melissa (17.31%), Meldor (17.22%) and Timbale (17.18%) while minimum
crude protein (16.55%) was observed in Sovrana cultivar.

Crude fiber

The mean comparison of yearx harvesting stagex cultivar interaction (Table 2) revealed differences between two years. In 2019, the highest crude
fiber was obtained at 100% flowering stage in alfalfa cultivars of Fasta (23.10%), Hamadani (23.10%) and Meldor (21.80%). However, diverging results
were observed in 2020, when the maximum crude fiber was obtained in alfalfa cultivar of Fasta (26.40%) at 100% flowering stage (Table 3). Averaged
across harvesting stages, the Hamadani cultivar had the highest crude fiber content in both 2019 and 2020. Harvesting at 100% flowering stage
caused increased in crude fiber and in both years of 2019 and 2020 (on average across cultivars), the highest crude fiber was obtained in plants
harvested at 100% flowering stage.

Neutral detergent fiber

The mean comparison (Table 4) indicated that NDF value decreased with advancing plant maturity stage (In both years). Accordingly, harvesting at
100% flowering stage was higher than 10% flowering and 50% flowering by 13.59% and 13.95% in 2019 and 18.44% and 9.11% in 2020, respectively
(Table 4). Average over harvesting stages, NDF of alfalfa forage in 2020 was slightly lower than 2019 (some data not shown). In addition, when the
NDF content was examined in two years, it seems that NDF content varies from 37 (g kg™ DM) to 48.88 (g kg™' DM) and 39.33 (g kg™' DM) to 50.11 (g
kg! DM) in 2019 and 2020, respectively (Table 5). Fasta (in 2020) and Meldor (in 2019 and 2020) were found superior to the other cultivars. Notably,
averaged across years, Meldor and Melissa recorded maximum and minimum content of NDF (Table 5). At 50% and 100% flowering stage, Meldor and
Timbale exhibited the maximum of NDF content (Table 6). These attributes became almost stable at 10% flowering stage and the cultivar of Meldor
had the highest NDF content followed by Timbale cultivar. While the lowest NDF content was recorded in Fasta and Melissa cultivar which were
statistically similar. Averaged across cultivars, harvesting at 100% flowering stage led to the highest NDF content.

Acid detergent fiber

The interaction between harvesting stage and cultivar in 2019 revealed that the highest ADF content was recorded in the Meldor cultivar (40.66 g/kg
DM) at the 100% flowering stage, followed by Timbale, which was in the same statistical group (Table 2). However, averaged across harvesting stage,
Timbale had the highest ADF in 2019. This attribute had almost similar trend for all cultivars and in 2019 the content of ADF increased gradually by
mortality of plants but in 2020 in the advanced stage of development, ADF increased and then decreased at the last harvest. In this regard, Fasta had
lowest ADF content in all levels of harvesting stage but Meldor (41.33 g kg™ DM) and Timbale (40.33 g kg”! DM) harvested at 50% flowering and
Timbale harvested at 100% flowering stage (40.33 g kg™' DM) registered the highest value ADF content. Averaging across the harvesting stages, the
cultivars of Fasta, Hamadani, Meldor, Melissa, Savrana and Timbale had higher ADF content in 2020 rathan 2019 by average of 5.63,9.33,9.23,11.92,
1.94 and 7.8%, respectively (Table 2).

Dry matter digestibility

DMD content varied significantly among cultivars and the trends were relatively consistent over both the years (Table 5). In 2019, Fasta (64.55 g kg’
DM) and Melissa (62.77 g kg”' DM) recorded highest DMD content in alfalfa forage while the cultivar of Timbale (52.88 g kg™ DM) recorded
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significantly lower DMD content. In, 2020 the DMD content ranged from 51.0 g kg™' DM to 66.44 g kg”' DM with Fasta recording highest and Timbale
the lowest DMD content. Forage DMD content of all cultivars varied significantly across harvesting stage (Table 6). Considering the effect of
harvesting stage x cultivar, the results showed that the DMD content of all cultivars varied in each level of harvesting stage. Although, the cultivar of
Fasta found suitable to be harvested at 10% flowering stage, but at 50% and 100% flowering stage, the cultivars of Melissa and Fasta exhibited
highest DMD content. On average across cultivars, DMD content declined, with the advancement of growth stage, from 10% to 100% flowering stage.
Total digestible nutrients

The overall analysis showed that the TDN of forage quality of all cultivars dramatically decreased by mortality in both years (Table 2). In 2019, the
highest value of TDN, was observed in cultivar of Fasta harvested at 10% and 50% flowering stage (71.25 and 70.82 g kg™ DM, respectively). On
average of harvesting stage, Fasta and Melissa were found superior to the other cultivars (some data not shown). In 2020, the content of TDN in
different alfalfa cultivars ranged from 53.19 (g kg™' DM) to 70.39 (g kg”' DM) at 10% flowering stage, 49.32 (g kg™' DM) to 63.94 (g kg™' DM) at 50%
flowering and 49.32 (g kg”' DM) to 62.65 (g kg™' DM) at 100% flowering stage. The averaged TDN contents across all cultivars were 61.21 (g kg™ DM)
at 10% flowering stag, but in the advanced stage of development (50% flowering stage) TDN decreased (54.98 g kg™ DM) and then increased at 100%

flowering stage (56.48 g kg”' DM). In 2020, the highest TDN content was recorded IN Fasta at 10% flowering stage. However, compared to the first
harvesting stage, the content of TDN in Fasta declined by 9.16% and 10.9% at the second and third harvesting stages.

Dry matter intake

The evaluation of DMI showed significant variations among cultivars and harvesting stages over two years as well as in the combined harvesting
stage x cultivar. In 2019, the highest content of DMI (Table 4) was observed at harvesting stage of 10% and 50% flowering In 2020, plants harvested
at 10% flowering ranked first in terms of DMI (3.01 g kg”' DM) which was significantly higher than 50% and 100% flowering by 10.63% and 18.6%,
respectively. However, averaging across the harvesting stages, the DMI content was higher in 2019 than in 2020. Regarding year x cultivar interaction
(Table 5), alfalfa cultivars Melissa and Meldor exhibited highest (3.28 g kg™ DM) and lowest (2.46 g kg™' DM) DMI compared to other cultivars in 2019.
Likewise, in 2020, the DMI content ranged from 3.07 g kg”! DM (Fasta cultivar) to 2.41 g kg™' DM (Meldor and Timbale cultivars), while the average DMI
content of all cultivars was 2.71 g kg™ DM (average by years). In terms of harvesting stage x cultivar, Fasta and Melissa recorded the highest DMI
content. However, when averaged across cultivars, DMI value decreased gradually with advanced stage of development.

Relative feed value

In 2019, when averaged across alfalfa cultivars, plants harvested at 10% flowering stage exhibited significantly higher RFV 5.06 and 20.54 times
higher than those at the 50% and 100% flowering stages, respectively (Table 2). While Fasta recorded highest RFV at 10% and 50% flowering stages, it
significantly declined at 100% flowering stage.

In 2020, the value for RFV ranged from 85.25% to 195.06% (mean for year: 125.24%). Fasta cultivar harvested at 10% flowering stage ranked first
(195.06%) and Timbale harvested at 100% flowering stage ranked as the last (85.25%). Overall, the highest and lowest RFV in 2019 were observed in
Melissa harvested at 50% flowering stage (175.33%) and Timbale harvested at 100% flowering stage (95%), respectively. In 2020, at 10% flowering
stage all cultivars exhibited the highest RFV compared to the other two harvesting stages.

Metabolism energy

In 2019, the cultivars of Fasta and Melissa exhibited higher ME values than other cultivars (Table 5). In 2020, the Fasta (9.29 MJ) ranked as the first
followed by Hamadani and Melissa (8.42 MJ and 8.40 MJ). When averaged across cultivars, the value of the ME in 2019 was slightly higher than in
2020 (some data not shown). At the 10% flowering stage, the highest and lowest ME values were recorded in Fasta (10.29 MJ) and Timbale (6.61 MJ),
respectively (Table 6). However, Fasta and Melissa ranked as the first when plants harvested at 50% and 100% flowering stage. Average across the
cultivars, the value of ME decreased with the advancement of growth stage from 10% to 100% flowering stage.

Net Energy for Lactation

Averaging all cultivars (Table 2), NEL value reported higher at 100% flowering stage in 2019 than during any other harvested period. In contrast, in
2020 NEL value decreased at 50% flowering stage compared to 10% flowering stage then increased at 100% flowering stage. In 2019, among all the

treatments the highest NEL values were observed in Fasta cultivar harvested at 50% (0.76 Mcal kg™") and 100% (0.76 Mcal kg™") flowering stage.
However, in 2020 the highest NEL recorded in Fasta harvested at 100% flowering stage (0.75 Mcal kg™"). Although the lowest NEL in 2019 was

observed in Meldor harvested at 10% flowering stage but lowest NEL in 2020 recorded in Meldor harvested at 50% flowering stage (0.55 Mcal kg™).
Overall, Fasta recorded the highest value of NEL (on average across the harvesting stage) over the two years.

Discussion

Harvesting time of forage quality has a significant effect on yield quality with most quality traits declining with the advancement of growth stage. In
this study all cultivars achieved maximum levels of leaf/stem ratio at 10% flowering stage which could be attributed to advancing of plant growth
stage likely due to increased photosynthetic activity and reduced stem lignification at earlier growth stages. Likewise, with advancement of mortality
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and emergence of flowers, the LAl decreased continuously, while the total dry matter tended to stabilize (some data not shown). Alfalfa stems are
less digestible than leaves [13], thus, enhancement in the proportion of leaves to stem ratio led to remarkable improvement in forage quality. Indeed, a
positive and significant correlation was achieved between leaf/stem ratio and DMD (r=0.76** and r=0.81**, 2019 and 2020, respectively) (Table 7).
These results indicated that higher DMD was due to higher leaf fraction rather than proportion of stem which changes with plant maturity.

At each harvesting stage, forage quality displayed significant differences. As the crop progressed from 10% flowering to 100% flowering stage, most
of the traits increased. As plants aged, the lignification of cell wall and fiber increased, which reduced the organic matter mineral composition, ash
concentration, digestibility and quality of protein [12]. Errickson and Huang [14] stated that growth parameters such as LAl is directly attributed to
total dry weight because an increase in LAI (photosynthetic capacity), affects yield performance. Also, this situation may be related to increase in
stem more than leaves during advancement in maturity. Given that leaves are the primary contributors to protein in plants [15], foliage is an essential
component of forage crops. An increase in rate of stem with advancement in maturity was observed by Liu et al. [16] and Ajoudani et al. [17]. Stems
containing higher proportion of water soluble carbohydrates which convert into structural carbohydrates as plants age [18] this conversion i is the
reason for lower digestibility of alfalfa plants. Despite the lower content of crude protein in mature plants, the amount of protein per unit area
decreased with advanced maturity which is associated with higher biomass production per land area [19].

Favorable quality traits (lower fiber content and higher protein content) were different in each harvesting stage and environment (year and seasonal
temperature) had significant effect on them. Differences in the protein and fiber value depend on genetic factors, development stage and their
interaction [10]. Besides, alfalfa cultivars seem to show different capabilities of adaptability to this region depending on the harvesting stage. Indeed,
a modification effect was noticed during the last harvesting stage. In terms fiber and protein, harvesting stage can change the crude protein content
of forage [3,20,21]. Crude protein is the most important parameter for forage quality [22]. Based on our results, the first harvest (which occurred in
June) is typical of high crude protein due to high portion of leaf in plant canopy. Then the quality decreased in the second and third harvest stage
because of accumulation of cellulose and lignin in vascular cells with advancing plant maturity. It has been reported that the concentration of protein
decreases as plants mature due to the cross-linking of lignin with cellulose and hemicellulose [23]. It is worth noticing that improving forage quality
could impact herbage yield. For instance, forage harvested at 10% flowering had high DMD and low total dry matter (some data not shown). This
result may be related to the reduction in main stem length [24]. In addition, many researchers documented that lower DMD and DMI in mature plants
related to higher cell wall substances [25]. It seems that the earlier maturity harvest stage (10% flowering) had high protein and DMD but repeated
harvest at 50% and 100% flowering (late summer month) will decrease forage quality primarily due to rapid values of lignin and fiber storage [26,27].
Foster et al. [28] stated that forage quality as well as crude protein and DMD decreased with increasing alfalfa production. However, our results
revealed that there is cultivars variability in quality traits which means that cultivars selection must be considered with environmental effects as well
as harvesting stage. The other reason for lower protein in aged plants could be related to nutrient content which does not match the yield
performance, therefore, the concentration of crude protein diluted [29-31]. Besides, the lower level of protein at maturity stage might be the reason of
loss of leaves and higher rate of stem in total canopy [32,33]. The concentration of crude protein in plant cells decreased due to the function of lignin
accumulation [34,35].

The lowest NDF and ADF were obtained from the first harvest stage or/and cultivars of Fasta, it can be related to high correlation with leaf area index
and leaf/stem ratio in each year (Table 7). Braun et al. [27] showed that quality aspect of herbage crops is connected to leaf/stem ratio. In this study
the highest crude fiber, ADF and NDF were achieved in the last harvested stage, which occurred in the late summer months. Seasonal impacts are due
to changes in temperature, solar radiation and photoperiod (day length) [36,37]. In addition, plants harvested at 100% flowering stage had lower leaf
water content, lower leaf to stem ratio and higher rate of fiber accumulation. Although, harvesting at 10% flowers (earlier maturity harvests) had
higher quality but repeated harvests at 50% and 100% flowering will reduce herbage forage quality. At the beginning of flowering, alfalfa cultivars had
the most nutritional status (forage quality) and low yield performance, while they do not have high quality in the maturity state. This could be due to
the increment of carbohydrates and reduction in protein density, forage metabolism energy, DMD and RFV which happened by plant maturity [38].
However, producers may avoid the improvement of forage quality in favor of higher dry matter production, therefore delayed harvest may be a suitable
option. Liu et al. [16] suggested that the amount of water-soluble carbohydrates changed in structure during the maturity period to make lignin,
cellulose and hemicellulose to increase strength and protective tissues. In fact, low carbohydrate levels in the beginning of the flowering are due to
low stem to leaf ratio. Therefore, the plant at the 10% flowering stage has more young cells which are thin and have elegant cellular walls, leading to
lower ADF and NDF. As the growth period progress, the cellulose walls become thicker and stronger resulting in higher ADF and NDF levels. For high-
quality forage, it is desirable for NDF and ADF contents to be as low as possible. Tlahig et al. [13] documented that higher lignin content leads to lower
DMD. Additionally, NDF and ADF increased with plant age which is attributed to higher lignin content and lower nutritional value. It can be concluded
that the formation of secondary cell walls (thickening) during advancing growth stage leads to synthesis and accumulation of lignin thus, cell wall
thickening which occurred in aged plants affected lignin content of forage.

Conclusion

Our results confirm that the optimal time for alfalfa harvest is at the mid-flowering stage, balancing both yield and forage quality. Advancing the
cutting time may improve yield production but can reduce forage quantity. Additionally, harvesting in August (100% flowering stage) is not
recommended in this region of Iran due to shorter day length and cooler temperatures, which make forage drying difficult. Therefore, it is crucial to
avoid excessive delays in harvesting to preserve forage quality. Our findings also indicate that in arid and semi-arid regions, the cultivars Fasta and
Meldor meet all forage quality standards. These results could be valuable for future research, particularly in evaluating the potential of these cultivars
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for similar regions or in breeding programs aimed at improving the yield of native cultivars. Furthermore, early harvesting may be an effective strategy
to enhance forage quality, as alfalfa harvested at the 10% flowering stage contains higher levels of nutritive constituents compared to harvesting at
full bloom (100% flowering stage).

Abbreviations

PCA

Principal Component Analysis
L/S

leaf to stem ratio

LAI

leaf area index

CP

crude protein

CF

crude fiber

NDF

neutral detergent fiber
ADF

acid detergent fiber
DMD

dry matter digestibility
TDN

total digestible nutrients
DMI

dry matter intake

RFV

relative feed value

ME

metabolism energy
NEL

net energy for lactation
DM

dry matter

MJ

Megajoules
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Table 1- Combined analysis of variance on leaf/stem ratio, leaf area index and some forage quality traits of alfalfa (Medicago sativaL.) as affected
by harvesting stage and cultivar treatments.

Source of df L/S LAI CP CF NDF ADF DMD TDN DMI RFV ME NEL
variation

Year 1 0.08* 4.49%* 0.18ns  18.1* 8.9ns 181.4* 5.78ns 302* 0.35ns  953.1ns  0.1ns 0.2*
Year x 4 0.004 0.21 0.18 1.05 23.5 17.2 4.81 28.6 0.11 151.6 0.1 0.002
Replication

Stage 2 0.2** 10.03**  0.79**  47.5% 577.7*  227.3* 167.6* 378.3* 225%  8690** 4.8%* 0.03**
Cultivar 5 0.075**  0.75** 2.19%  16.9*  364.9*  333.4** 407.3** 554.8% 1.5%* 9137** 11.7%*  0.04**
Year x 2 0.04** 0.94** 0.0lns  10.1**  51.5%* 51.3%* 7.5ns 85.4** 0.22%*  525%* 0.2ns 0.007**
Stage

Year x 5 0.009* 0.07** 0.13ns  2.08* 12.5%* 6.57ns 10.9% 10.9ns 0.07**  421.7** 0.3 0.0009"s
Cultivar .
Stage x 10 0.07** 0.94** 0.09ns  17.7**  5.55% 12.7%* 107.2%%  21.2%* 0.02**  388.9**  3.09** 0.007**
Cultivar

Year x 10 0.02** 0.12** 0.02ns  4.6** 2.65ns 9.79* 3.62ns 16.2% 0.01lns  127.1* 0.1ns 0.001*
Stage x

Cultivar

Error 68 0.003 0.01 0.1 0.84 2.08 3.8 3.6 6.3 0.009 54.3 0.1 0.0005
CV (%) 4.6 47 1.9 4.6 3.2 6 3.2 4.2 3.5 5.7 4 3.5

L/S: leaf to stem ratio; LAI: leaf area index; CP: crude protein; CF: crude fiber; NDF: neutral detergent fiber; ADF: acid detergent fiber; DMD: dry
matter digestibility; TDN: total digestible nutrients; DMI: dry matter intake; RFV: relative feed value; ME: metabolism energy; NEL: net energy for
lactation. ns, ** and * indicate no significance and significance at Plevels of 0.01 and 0.05, respectively.
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Table 2- Three way interaction of year, harvesting stage and cultivar on studied traits of alfalfa (Medicago sativaL.).

Year Harvesting Cultivar
Stage

2019 10% flowering Fasta
Timbale
Melissa
Hamadani
Meldor
Sovrana

50% flowering Fasta

Timbale
Melissa
Hamadani
Meldor
Sovrana

100% flowering Fasta

Timbale
Melissa

Hamadani

Meldor
Sovrana
2020 10% flowering Fasta
Timbale
Melissa
Hamadani
Meldor
Sovrana
50% flowering Fasta
Timbale
Melissa
Hamadani
Meldor
Sovrana

100% flowering Fasta

Timbale
Melissa
Hamadani
Meldor

Sovrana

L/S

1.54a
1.54a
1.54a
1.26 bed
1.32b
1.24 bede

1.23
bcdef

1.32b
1.28 be
1.14 ef
1.28 be
1.17 def
1.16 def

1.19 cdef
1.31b
1.29 bc

1.12e
1.13 ef
1.76 a
1.53b
1.21 ghi
1.24 fghi
1.27 efgh
1.22 ghi
1.37 cd
1.44 be
1.48b
1.29 defg
1.32 def
1.25fgh
1151

1.18 hi
1.29 defg
1.33 def
1.36 cde
1.23 ghi

LAI CF (%)

3.76 a 17.40 def
3.51Tb 17.84 cdef
3.12¢ 19.65b
2.75d 19.35bc
2.50e 16.90 f
2.29 ef 17.05 ef

2.13fg  18.45
bcdef

2.24f 19.8b
2.28 ef 19.3 bc
1.97gh  17.10 ef
2.12fg 19.25bc
1.95gh  17.60 def
2.11 fg 23.10a

207fg  23.10a
226f  21.80a
214fg  18.9bcd

1.78 h 199b
1.96 gh  18.6 bcde
4.24 a 17.301i
4.07b 17.80 hi
3.35¢c 19.45 defg
2.93e 20.00 def
2.96e 20.45 cde
2429  18.45ghi
24149 20.55 cd
2.68f 21.70 be
2.74f 2.25bc
3.03de  19.35defg
3.18 cd 19.90 def
3.22c¢c 18.85 fgh
231gh 26.40a

2.22hi  23.05b
2.28gh  18.15 ghi
2.06if  18.65fghi
2.05] 19.15 efgh
2.15hij  18.40 ghi

ADF (g kg’
DM)

23.33i
27.66 gh
31.33 ef
25.00 hi
29.33fg
34.66 cde
23.66 i

28.00 fgh
33.00 de
28.66 fg
36.66 bc
35.66 bed
31.33 ef

35.00 cd
40.66 a
27.66 gh

34.00 cde
38.66 ab
24.004g
29.33f
35.66¢c
27.66 f
32.66 de
37.33 bc
29.00 f
36.00 be
41.33 a
32.33 de
36.66 bc
40.33 a
30.00 ef

34.66 cd
38.66 ab
32.33de
32.66 de
40.33 a

TDN (g kg™
DM)

71.25a

65.66 bc
60.93 de
69.10 ab
63.51 cd
56.63 efg
70.82 a

65.23 bed
58.78 ef
64.37 cd
54.05 gh
55.34 fgh
60.93 de

56.20 fg
48.89 i
65.66 bc

57.49 efg
51.47 hi
7039 a
63.51b
5534 ¢
65.66 b
59.21 cd
53.19 ef
63.94b
54.91 ef
48.03 g
59.64 cd
54.05 ef
4932¢g
62.65 bc

56.63 de
51.47 fg
59.64 cd
59.21 cd
4932g

RFV (%)

171.72 a
141.99c
124.29 efg
170.33 a
139.80 cd
112.33h
15479 b

128.15 def
105.99 hi
175.33 a
140.35 cd
112.27 gh

135.12
cde

112.04 gh
94.14 ij

134.63
cde

116.54 gh
91.26]
195.06 a
161.63b
127.42 efg
14911 ¢c
126.16 efg
100.92 jk
145.24 c
118.62 hi
101.36 jk
143.85cd
120.56 fgh
99.83 jk

137.47
cde

110.87 hij
91.39kl
132.05 def
107.53 jj
85.251

NEL (Mcal kg”
') DM)

0.67 de
0.62 fg
0.56i
0.71 be
0.63 efg
0.58 hi
0.76 a

0.70 cd
0.65 ef
0.70 cd
0.60 gh
0.61 fgh
0.76 a

0.71 bc
0.67 de
0.74 ab

0.69 cd
0.63 efg
0.68 bc
0.63 de
0.58 fg
0.65 cd
0.65 cd
0.56 g
0.69 b
0.61 ef
0.55g
0.65 cd
0.60 ef
0.56 g
0.75a

0.69b
0.61 ef
0.71b
0.65 cd
0.59 ef

DM: dry matter; L/S: leaf to stem ratio; LAI: leaf area index; CF: crude fiber; ADF: acid detergent fiber; TDN: total digestible nutrients; RFV: relative
feed value; NEL: net energy for lactation. Means within each column of each section and each row of year effect followed by the same letter are
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not significantly different by LSD test at P< 0.05.

Table 3- Mean comparison of main effect of harvesting stage and cultivar treatments on crude protein of alfalfa (Medicago sativaL.).

Harvesting stage
10% flowering
50% flowering

100% flowering

Cultivar
Fasta
Timbale
Melissa
Hamadani
Meldor

Sovrana

Crude protein (%)
1.38a
1.30b
1.23¢c

16.85¢
17.52 a
17.22b
17.371 ab
16.55d
17.18b

Means followed by the same letter are not significantly different by LSD test at P< 0.05. Section are separated by blank row.

Table 4- Two way interaction of year and harvesting stage treatments on studied traits of alfalfa (Medicago sativaL.).

Year Harvesting stage Neutral detergent fiber (g kg™ DM)
2019 10% flowering 40.94 b

50% flowering 40.77 b

100% flowering 47.38 a
2020 10% flowering 40.27 ¢

50% flowering 44.88 b

100% flowering 49.38 a

Dry matter intake (g kg™ DM)
297 a
297 a
2.55b
3.0Ta
2.69b
245c¢c

DM: dry matter; Means within each column of each section and each row of year effect followed by the same letter are not significantly different by

LSD test at P< 0.05.
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Table 5- Two way interaction of year and cultivar treatments on studied traits of alfalfa (Medicago sativaLL.).

Year Cultivar NDF (g kg™ DM) DMD (g kg™ DM) DMI (g kg™ DM) ME (MJ)

2019 Fasta 39.22e 64.55a 3.07b 8.97 a
Timbale 44.55c¢ 60.77 b 2.70d 8.33b
Melissa 48.88 a 56.55 ¢ 246e 7.61c
Hamadani 37.0f 62.77 a 3.28a 8.67 a
Meldor 41.44d 58.44 c 292c 7.93c
Sovrana 4711¢ 52.88d 2.56 e 6.99d

2020 Fasta 39.33¢c 66.44 a 3.07a 9.29a
Timbale 44.44 b 61.33b 2.72b 8.42b
Melissa 49.88a 56.66 c 241c 7.63¢c
Hamadani 40.44c 61.22b 299a 8.40b
Meldor 44.88b 56.55 ¢ 2.70b 7.61c
Sovrana 50.11a 51.0d 241c 6.67d

DM: dry matter; MJ: Megajoules; NDF: neutral detergent fiber; DMD: dry matter digestibility; DMI: dry matter intake; ME: metabolism energy. Means
within each column of each section and each row of year effect followed by the same letter are not significantly different by LSD test at P< 0.05.

Table 6- Two way interaction of harvesting stage and cultivar treatments on studied traits of alfalfa (Medicago sativa L.).

Harvesting stage Cultivar NDF (g kg™ DM) DMD (g kg™ DM) DMI (g kg™ DM) ME (MJ)
10% flowering Fasta 36.83 de 72.33a 3.26 ab 10.29 a
Timbale 41.83c 68.00 b 2.88c¢c 9.56 b
Melissa 46.83 a 63.33 ¢ 2.56d 8.76 c
Hamadani 35.00e 59.66 d 3.44a 8.14d
Meldor 38.83d 55.33e 3.09b 7.40e
Sovrana 44.33b 50.66 f 2.71 cd 6.61 f
50% flowering Fasta 38.66 ¢ 62.16 a 3.11a 8.56 a
Timbale 43.50b 57.50 b 2.76b 7.77b
Melissa 4733 a 52.66 c 2.54c 6.95¢c
Hamadani 37.50c 63.83 a 3.22a 8.85a
Meldor 42.50 b 59.33b 2.83b 8.08a
Sovrana 47.50 a 54.00c 2.53¢c 7.18¢c
100% flowering Fasta 42.33¢c 62.00 a 2.83a 8.54a
Timbale 48.16 b 57.66 b 2.49b 7.80b
Melissa 54.00 a 53.83¢ 222c 7.15¢c
Hamadani 43.66¢C 62.50 a 2.75a 8.62a
Meldor 48.16 b 58.83b 2.49b 7.83b
Sovrana 54.00 a 51.16d 222c 6.69d

DM: dry matter; NDF: neutral detergent fiber; DMD: dry matter digestibility; DMI: dry matter intake; ME: metabolism energy. Means within each
column of each section and each row of harvesting stage effect followed by the same letter are not significantly different by LSD test at P< 0.05.
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Table 7- Pearson correlation coefficients between studied traits of alfalfa (Medicago satival.).

10%
flowering

50%
flowering

Leaf/stem
ratio (1)

Leaf area
index (2)

Crude protein
®)

Crude fiber (4)

Neutral
detergent fiber

Acid detergent
fiber (6)
Dry matter

digestibility
)

Total
digestible
nutrients (8)

Dry matter
intake (9)

Relative feed
value (10)

Metabolism
energy (11)

Net energy for
lactation (12)

Leaf/stem
ratio (1)

Leaf area
index (2)

Crude protein
3
Crude fiber (4)

Neutral
detergent fiber
®)

Acid detergent
fiber (6)

Dry matter
digestibility
@)

Total
digestible
nutrients (8)

Dry matter
intake (9)

Relative feed
value (10)

Metabolism
energy (11)

Net energy for
lactation (12)

1
1

0.81 **

0.001

ns

0.06
ns

0.35
ns
-0.43

ns

0.76 **

0.43
ns

-0.35

0.18

ns

0.76 **

0.43
ns

0.73 **
-0.14
ns

0.99 **

0.42

0.12
ns

-0.38
ns

-0.12
ns

-0.46
ns
-0.46
-0.38
ns

-0.12
ns

2
0.83
*k

1
0.20

ns

0.15
ns

0.14
ns

-0.65
*k

0.90
*k
0.65
*k

-0.15
0.42
ns

0.90
Xk

0.65
Xk

-0.55
*

-0.01
ns

0.73
*k

0.30

-0.01
ns

-0.47
*
0.014

-0.3
ns

-0.39

-0.47
*

0.01
ns

3

-0.10
ns

0.11
ns

1

0.046
ns

0.25
ns

0.033
ns

0.086
ns

-0.033
ns

-0.24

-0.14
ns

0.08
ns

-0.03
ns

0.12
ns

-0.09

-0.14
ns

0.13

-0.36
ns

-0.19
ns

0.36
ns

-0.09
ns
-0.13
-0.19
ns

0.36
ns

4
_072 *%

-0.57 *

-0.22 ns

0.10ns

-0.15ns

0.21 ns

0.15ns

-0.0006

0.12ns

0.21 ns

0.15ns

0.99 **

-0.55*

0.12ns

0.42ns

0.12ns

-0.38 ns

-0.12ns

-0.46 ns

-0.46 ns

-0.38 ns

-0.12ns

5
-0.52*
-0.38
ns

0.24
ns

0.03
ns

1
0.53 *

-0.017
ns

-0.53 *

-0.99
*k
-0.78
*k

-0.017
ns

-0.53 *

0.06
ns

0.32
0.13
ns

0.06
ns

0.44
ns

-0.85
*k

-0.44
ns

-0.99
*k
-0.96
*k
-0.85
*k

-0.44
ns
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6
-0.71
*k
-0.69
*
0.11

ns

0.32
ns

0.74

*%

-0.65
*k
0.99
*k

-0.51
*

-0.8

ok
-0.65
ok

0.99
Xk

0.26
ns

0.48
*
0.07
ns

0.26
ns

0.78
*k

-0.42
ns

-0.99
*ok

-0.43
ns

-0.45
-0.42
ns

-0.99
*k

7
0.81
*k
0.94
*k
0.08
ns

-0.54
*

-0.44
ns

-0.68
*k

1
0.65
*k

0.025
0.62
**
0.99
*%
0.65
**
-0.24
ns
-0.32
-0.25

ns

-0.24
ns

-0.85
*k

-0.84
*k

0.42
ns

0.85
*k
0.95
*k
0.99
*k

0.42
ns

8
0.71
ok
0.69
*k
-0.11

ns

-0.32
ns

0.8 **
0.65
*k

0.99
*k

-0.26
ns

-0.48
*
-0.07
ns

-0.26
ns

-0.78
ok

-0.99
*k

0.84
*k

0.43
ns

0.45
0.42
ns

0.99

*%

9
0.52*
0.38
ns

-0.24
ns

-0.02
ns

-0.99
*k
-0.74
Xk

0.45
ns

0.74
Kk

0.79
*k
0.025
ns

0.51*

-0.07
ns

-0.32
-0.13

ns

-0.07
ns

-0.99
*k
-0.79
*k

0.85
*k

0.79
*k

0.97
*k
0.85
Kk

0.43
ns

10
0.82
*k
0.82

*%

-0.06
ns

0.4
ns

-0.78
%
-0.83
*k

0.89
*k
0.83
Xk

0.80
**

0.62

*%

0.80

*%

-0.16
ns

-0.34
-0.19

ns

-0.16
ns

-0.97
*ok

-0.85
*k

0.94
*k
0.85
*k

0.97
*k

0.95
*k

0.45
ns

11
0.81
*k
0.94
*k
0.08
ns

-0.54 *

-0.44
ns

-0.68
*k

0.99
*k
0.68
*k

0.45

0.89
*%

0.65
*ok

-0.24
ns

-0.32
-0.25

ns

-0.24
ns

-0.85
*k

-0.84
*k

0.99
*ok
0.84
*ok

0.85
*k

0.94
*k

0.42
ns

12
0.71
*k
0.69
*k
-0.11

ns

-0.32
ns

-0.74
ok
-0.99
*ok

0.68
*k
0.99
ok

0.74
*k
0.83
*k

0.68
ok

-0.26
ns
-0.48
*
-0.07

ns

-0.26
ns

-0.78
*k
-0.99
*k
0.84
*k
0.99
*k
0.79
*k
0.85
ok

0.84
ok



100%
flowering

Leaf/stem
ratio (1)

Leaf area
index (2)

Crude protein
3
Crude fiber (4)

Neutral
detergent fiber
®)

Acid detergent
fiber (6)

Dry matter
digestibility
@)

Total
digestible
nutrients (8)

Dry matter
intake (9)

Relative feed
value (10)

Metabolism
energy (11)

Net energy for
lactation (12)

0.57 *

0.61 **

0.061
ns

0.06
ns

0.001
ns

0.066
ns

-0.001
ns

-0.04
ns

0.007
ns

0.06
ns

-0.001
ns

-0.64
*k

0.54

0.25
ns

0.01
ns

0.07
ns

0.15

-0.07
ns

0.02
ns

0.09
ns

0.15
ns

-0.07
ns

-0.02
ns

-0.10
ns

0.017
ns

0.19
ns

0.009
ns

-0.002
ns

-0.009
ns

-0.16
ns

-0.09
ns

-0.002
ns

-0.009
ns

-0.72 **

0.54 *

-0.28 ns

-0.11 ns

0.01 ns

0.17 ns

-0.017
ns

0.11 ns

0.14 ns

0.17 ns

-0.01 ns

0.14
ns

-0.08
ns

0.19
ns
-0.64
*k

1
0.85 **
-0.86
*k
-0.85
*ok
-0.99
*k
-0.97
*k
-0.86
*k

-0.85
*k

0.12
ns

-0.04
ns

0.1
ns
-0.54
*

0.77
*k

-0.82
*%
0.98
*%
-0.85
*%
-0.86
*%
-0.82
*%

-0.98
ok

-0.13
ns

0.02
ns

-0.03
ns
0.54 *

-0.89
*k
-0.85
*k

1
0.82
*k
0.86
*k
0.95
*k
0.97
*k

0.82
*k

-0.12
ns

0.04
ns
-0.1
0.54
*

-0.77
*k

-0.99
*k

0.85
*%

0.85
ok
0.86
*k
0.82
*k

0.98
*k

-0.16
ns
0.1ns
-0.2
0.65
*%

-0.99
*k

-0.76
*k

0.88
*k

0.76
Kk

0.97
Kk
0.86
*k

0.85
Xk

-0.16
ns

0.08
ns

-0.13
ns
0.62
*k

-0.97
*k
-0.81
*k
0.96
*k
0.81
*k
0.97
*k

1
0.95
*k

0.86
*k

-0.13
ns

0.02
ns

-0.03
ns
0.54*

-0.89
*k
-0.85
*k
0.99
*k
0.85
*k
0.88
*k
0.96
*k

1

0.82**

-0.12
ns

0.04
ns

-0.1
ns
0.54
*

-0.77
*k
-0.99
*k
0.85
*k
0.99
*k
0.76
ok
0.81
*k
0.85
*k

1

Means followed by the same letter are not significantly different (P< 0.05). The correlation coefficients in the upper and down part of the table
diameter are belonged to first (2019) and second year (2020), respectively.

Figures

mmm Precipitation in 2019
—a= Average monthly temperature in 2019
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Figure 1

mmm Precipitation in 2020

~a- Average monthly temperature in 2020

Average temperature and monthly rainfall during the growing seasons in 2019 and 2020
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A: Dendogram
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Figure 2

The results of dendrogram based on cluster analysis (A) and Biplot dived from first and second component based on all studied traits (B). leaf to stem
ratio (Y1), leaf area index (Y2), crude protein (Y3), crude fiber (Y4), neutral detergent fiber (Y5), acid detergent fiber (Y6), dry matter digestibility (Y7),
total digestible nutrients (Y8), dry matter intake (Y9), relative feed value (Y10), metabolism energy (Y11) and net energy for lactation (Y12); T1: 10%
flowering+ Fasta, T2: 10% flowering+ Timbale, T3: 10% flowering+ Melissa, T4: 10% flowering+ Hamadani, T5: 10% flowering+ Meldor, T6: 10%
flowering+ Sovrana, T7: 50% flowering+ Fasta, T8: 50% flowering+ Timbale, T9: 50% flowering+ Melissa, T10: 50% flowering+ Hamadani, T11: 50%
flowering+ Meldor, T12: 50% flowering+ Sovrana, T13: 100% flowering+ Fasta, T14: 100% flowering+ Timbale, T15: 100% flowering+ Melissa, T16:
100% flowering+ Hamadani, T17: 100% flowering+ Meldor, T18: 100% flowering+ Sovrana.
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