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Results and Discussion

» Moderate or severe food insecurity levels at global scale have been slowly increasing since 2014, but the « Before the first harvest, alfalfa has a long period to accumulate nutrients, and its plant height is *° — ——
Increased degree In 2020 may be approximately the sum of the previous five years [1]. One target of also the highest, resulting In the highest dry matter content and relatively higher nutrient levels. — EE — \fo
Sustainable Development Goal (SDG), a world without hunger and malnutrition by 2030, will need more After the first harvest, alfalfa re-enters the early growth stage of its growth cycle, so it may os | f n — T
actions and cooperations between different disciplines through carrying out precision agriculture [2]. maintain relatively high nutrient levels, such as protein, but the DM content decreases

» Alfalfa, one of the most critical and stable legumes, is a valuable nutritious crop with a comparatively significantly. Subsequent frequent harvests put physiological stress on the plant, leading to
high yield, which is considered the fourth most valuable field crop in the United States behind corn, |qmzSignificant reductions. | g
soybean, and wheat and is a commercially grown source of forage and feed in the world [3,4]. The  °° DM 508 | 0as. DM — mes | - Overall, the quality of altalfa in
amount and quality of alfalfa consumed by livestock are crucial to maintaining their health and milk  os{ ¢ Il I P 2023 1s significantly lower than o«
production. The important components includes dry matter (DM), crude protein (CP), neutral detergent .,/ & | that of 2022. There Is a notable
fiber (NDF), nonfibrous carbohydrate (NFC) , minerals and other quality traits. . : p |02 decrease in DM, CP, and NFC,

 Traditional alfalfa production assessment methods are laborious and time-consuming. Remote sensing e vyhlleth_e fiber (?ontent 'S on the
provides an efficient way to measure yield and nutrition levels at the regional and global scales. Satellites ™ 156 Th'.s trend Is expected to 0o
have an irreplaceable advantage in Iarge-scale quallty estimation, but their low Spatial and temporal %DOM_ lead to ||Y€StOCk fe_elln_g fuller DM CP ADF aNDF ADL NDFD48 NFC (F;tjanggslx RFQ Milkiton P Ca K Mg Ash DM CP ADF aNDF ADL NDFD48 NFC gﬁaﬁﬁgslx RFQ Milkfton P Ca K Mg Ash
resolution largely limits their application to precision agricultural management. Unmanned Aerial Vehicle MOre e_asn_y ’ resu_ltmg_ na H0 - VI TF  We conducted feature combination experiments based on four
(UAV)-based remote sensing, on the other hand, overcomes these limitations thanks to the flexibility In z: reduction in nut_rler_lt_mtake. — EFS/F'F%EF types of features, and in the last set of experiments, we
the data collection schedule, data accessibility, and the capability of carrying multiple types of sensors. e * DM: the most significant 08 — A - included two additional features, day of the year (DoY) and

 This study was designed to (1) investigate the potential of using UAV multispectral for alfalfa yield and 24 1 dlfference 15 qbserved n May, height (H). All combination results are presented in Figure 3,
quality estimation, (2) Explore the impact of four types of features, environmental factor (EF), vegetation Z ‘ \(’)Vgg %ﬁﬁ;’?ﬁ;agfﬁz:)efng'ess8i§nd - wherel6 qualities were assessed using R? as the accuracy
Index (I), statistic feature(SF) and texture feature (TF), on the estimation. Lol | . v | . | = | the other three months are n2 . Ir:netrl_c.d_ . . e

Materials and Methods 38 1 T relatively small, with most data .| [ T oo oo grr ot or o OO DO OO RN (ol OREE ORRE OROE TR or individual features, the accuracy o is significantly

higher than other features, followed by SF. Compared to
Individual features, the accuracy of dual-feature combinations
0.2 (R RIR R HR R R R R R R R’ shows improvement for some quality attributes, such as DM
and CP. Additionally, it Is observed that combinations
Including EF have noticeably higher accuracy than other
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falling within the range of 0.1
to 0.3 kg/m?.

* For CP, there is a slight overall
decrease In most data of 2023,
particularly noticeable In the 0.0 DM CP ADF aNDF ADL NDFD48 NFC Fat TDN 1x RFQ Milk/ton P Ca K Mg Ash
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— — ule N " Oualities combinations. This also occurs In  multiple-feature
‘‘‘‘‘‘‘‘‘ Lo | | E720] % DM Junf' Rtegazrglzngg 'E_er’h t eth Figure 3. Estimation accuracy of different features combination combinations. The greater the number of feature types, the
[[[[[[ e e S | - — - o 7 content In IS Tigher than smaller the differences between different combinations.
36 - that in 2022, especially in May
2 - and June. In terms of NFC, the  With the increase In planting years, there is a noticeable decline in the quality of alfalfa, subsequently affecting livestock nutrition
. overall content in 2023 is lower Intake and milk production.
e 08 ] - . . . . 5 . - - - -
A_ - , . 200 _ | than that in 2022, marking the  Selecting meaningful features as inputs can effectively increase the accuracy of alfalfa yield and quality estimation. EF have the
- . . . . . . —— F720 ‘ - - - - - . - - - . - .
Figure 1. study area in Arlington Agricultural Research Station and sampling sites. F598, F599, - T e e A most Suttr)]stellcntlal dn‘fere_nce mr?StSIwaldcaSt m(;pact on tlh_e estlm?tlon of l?oth alfalfadyneld Snd quality, while TF hav?3 't|he' Iea_st impact. o |
F720 represent the name of three field. DoY of 2022 DoY of 2023 among the four comparison The _met 0d based on mu tispectral UAV Images and EF emonstra_ltes strong capabl |t|e§ In estimating alfa a DM. It also
_ o groups. provides accurate estimation for CP and NFC. However, the evaluation for aNDF is relatively poorer, suggesting a need for
» Field Data: Alfalfa has four cuts from May to August at the end of each month in 2022 and 2023. Between Figure 2. Trends of four alfalfa qualities in 2022 and 2023 further exploration of features that exhibit stronger correlations with aNDF, ADF (acid detergent fiber), and other related factors.
each cut, three or four times of sampling are considered for each field. There will be about three days
Interval between two sampling. Five or seven sites are selected for each sampling in each field. B o og 070 T % " R oz O 0004, _ . N
Dat it q 4 Th " ral dat od by a DJI bhantom 4 mulsi tral o DI ) 11111, ijir LN LI ooz e M 0010 s+ Based on the accuracy results of different feature combinations in Figure 3, we
ha 2 ;cqu;m on aTb pgoceszmr?. ° My gpecpr_a 4Da § :c/;/ere acs/t:lgeF Y daTF bhan (I)ml tn(]jub |spe§:hra L wl B : . A CE s R N | analyzed the contributions of four feature types in various feature combinations,
that oters 5 spectral bands and then processed In Fix4D software. VI,5k, an were Calculatea by python - o s T . also using R2 as the measurement metric. Results are shown in Figure 4.
based on the thresholded images. Three types of cumulative environmental factors, temperature, . ep e [ o o8 openny | aogss "l 0 o om0 R o T eon L wasuots ogr0 4T o "W ogpy °F EF show a significant improvement for all types of combinations, with a smaller
precipitation and daylight duration data were collected from national weather service of NOAA[5] and .| © = " | =~ "= J 027 2l 00 =0 ol ) LT Ll T o e - rovementgas the numbper of basic feature ?:/gmbinations P reases
Astronomical Applications Department of the U.S. Naval Observatory [6]. This study used the growing ... ° o woross o B we P A o wross 1 B we O P - | | ' |
degree days (GDD) calculated from temperature rather than using temperature directly. o g O e o o o O 0 o o g O P O o g o SO gt oy 0t e pmew 0 mamew e Cflec e @ V] exhibit a noticeable improvement for EF and TF, but for complex basic
| 11111 11111 i 1B RE BB R . R Y 6010 05009 o1 "B Jowrs oas s | feature combinations, the improvement is minimal and may even result In
DJI P4 multispectral v . . | " e ) o O i e | reduced accuracy.
egetatlon |ndex TDN 1x RFQ 0.30 Milk/ton | 40 P TDN 1x RFQ 0.30 Milk/ton | 40 P . ] i o ] ] ]
NDVI GNDVI NDRE o 038 oy O oo o os o0 © SFcontribute significantly to the improvement of a single basic feature but
Preprocessing + Thresholding ’ ’ | oo F B B T Wi i - L R C ogeom BT Hoogs Tom - rgl Y | provide marginal enhancement for complex basic feature combinations, with rare
EVI, SAVI, Cl I'EdEdge, Cumulatlve- 033 — 401 | g = " 060 B B L 055 | ARCEECRE B e 060/0.052 106 030
‘ ~ ¥ os0| I i o0l s O -1 ool occurrences of reduced accuracy.
Cl_green, NDI, EXG Dayllght 4s.  ca 0'30'_ - K Mg = Ash as. ca “'30'_ -k M » = Ash _ _ _ _
. Precipitation N T T ST T T T W S T e e o TF contribute partially to the improvement of VI and EF, but for other basic
- - + - - -
Slatistlc features ; = Daily max/min _ Fedtures + EF _ o Features + SF features, there are instances of a substantial decrease in accuracy.
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