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Potassium is one of the essential nutrients for the metabolism and
development of rice plants, enhancing photosynthesis and disease
resistance. The objective of this paper is to select the best vegetation index
from the spectral bands of UAV imagery to estimate the leave potassium (K)
Keywords: content in rice plants. Multispectral UAV were used to collect data in rice-
Multispectral UAV growing areas at three different stages: tillering (DN), heading (TB), and

’ ripening (CS). At the same time the images were captured, three leaf

E?tasslmr? cotn t.:.nt’ samples were taken from three different positions in each field plot to
ice plant nutrition, determine the K content in the rice leaves in the laboratory. The vegetation
Vegetation indices.

indices selected in this paper include RVI, SIPI, and NDVI, which are highly
correlated with the measured leaf K content, with correlation values (R) of
0.735, 0.729, and 0.722, respectively. The reliability of the K content
estimation results is high, with an RMSE value of up to 0.27%. The K content
in rice plants differs at the DN, TB, and CS stages and decreases over time.
The K content also varies between the two rice varieties TBR225 and J0Z.
The results of this paper provide a necessary basis for selecting UAV
technology to monitor and choose effective fertilization solutions in rice
production.
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Kali (K) la mét trong s6 cdc chdt dinh duéng khéng thé thiéu cta qud trinh
trao doi chdt va phadt trién ctia cdy lia, gitip tdng cwong quang hop va khd
ndang chéng chiu bénh. Muc tiéu ctia bai bdo lwa chon dwoc chi s6 thuwc vt
phtt hop tinh tir cdc kénh phd trén dnh UAV dé wérc tinh ham lwong K ctia cdy
ltia. UAV da phé dworc str dung thu thdp dir liéu khu vwce trong lia & ba thoi
diém: Iia dé nhdnh (DN), Iia tré bong (TB) va lia chin sita (CS). Tai cting
thoi diém bay chup dnh, moi 6 ruéng dwoc ldy ba mau Id tai ba vi tri khac
nhau, phuc vu xdc dinh ham lwong K cta ld Itia trong phong thi nghiém. Cdc
chi s6 thure vt duoc Iwa chon trong nghién ctru ndy bao gom chi sé RVI, SIPI
va NDVI, cé twong quan cao voi ham lwong K do dac trén 14, gid tri twong
quan R lan lwot la 0,735; 0,729 va 0,722. B tin cdy cua két qud tinh ham
lwong K & mikc cao vai gid tri RMSE 1én t61 0,27%. Ham lwong K cua cdy lua
& cdc giai doan DN, TB va CS la khdc nhau va gidm ddn. Ham lwong K ciing
khdc nhau & hai giéng ltia TBR225 va J02. Két qud nghién citu nay la co s&
cdn thiét trong viéc lya chon cong nghé UAV dé phuc vu theo doi, lva chon
gidi phdp bén phdn hiéu qud trong san xudt liia gao.
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1.M¢ dau

Kali (K) 1a mot trong ba yéu t6 dinh dudng da
lwong cin thiét cho ciy lta sinh truwedng, phat trién
va dam bao ning suit (Nguyén, 2017). Trong qua
trinh phat trién cla ciy trong, K la chat dinh dudng
quan trong, thic diy qué trinh quang hop, tong hop
dwdng chat, diéu hoa sy tham thiu gitra cac té bao
(Kumar va nnk., 2020). B6n K cin doi theo nhu ciu
ciy Ita gop phan lam ting khoang 5+10% nang
suit (Pham va Chu, 2008). Cay lta thiéu K sé coi
coc, 14 ngan, va cho ning suit thap (Nguyén, 2017;
Shrestha va nnk., 2020). Thira K cay lda yéu ét, dé
mac bénh, t6n chi phi va gy 6 nhiém moi truong
(Yuvannk, 2023). Do vay, viéc theo ddi ham lwong
K ctia ciy ltda nham dinh lwgng phi hop véi tirng
giai doan phat trién cta ciy lua 1a gidi phap cin
thiét, tiét kiém chi phi, nAng cao nang suitva bao vé
mdi treong.

UAV da duoc trng dung thanh cong trong theo
doi ham lwgng dinh dwdng ctia ciy trong ndi chung
va cay lia noi riéng (Zheng va nnk.,, 2018). Cac wu
diém cta cong nghé nay nhw d6 phan giai khong
gian cao, chu dong trong thu thap dir liéu, khong
chiu dnh hwdng bdi may che ph va gia thanh thip
(Xu va nnk, 2023; Zhang va nnk, 2022). Mt s6
nghién ctru st dung di liéu anh UAV siéu pho (HS)
xac dinh ham lwgng K cho ciy trong nhu: xac dinh
sw thiéu hut K ctia ciy cai dau (Severtson va nnk.,
2016), cay tao (Chen va nnk,, 2022), cay bong (Yao
vannk, 2022) va cay lia (Lu va nnk, 2020). Trong
nghién ctru khac, tac gia Lu va cdng su (2021a) da
két luan rang dai séng tir 500+580 nm ctia anh da
phé phu hgp dé wéc tinh ham lwgng K cho ciy lda.
Mic du HS c6 cung cip nhiéu kénh phé, ting do
nhay trong xac dinh ham lwong dinh dudng cay
trong, nhung nhwoc diém 12 chi phi thiét bi dat do,
xi ly dit liéu phtrc tap (Lu va nnk, 2021b). Do vay,
viéc &ng dung HS trong thuec té con chwa dwoc pho
bién.

UAV da phd (MS) khéng c6 nhiéu kénh pho
nhu HS, nhung cung cip hai kénh phé quan trong
la ria d6 (RE) va can hong ngoai (NIR). Cac kénh
phd nay c6 dd nhay cdm cao véi thuc vét, thiét bi
gia thanh th4p va qui trinh xtr ly dé dang, nén MS
dwoc ng dung phd bién hon trong nong nghiép
chinh xac (Ma va nnk, 2023).

Chit dinh dwdng anh hwong dén qua trinh
quang hgp va cu tric té bao cda thuwc vat, dnh
hwéng dén kha niang phan xa phd cta thuc vat

trong dai séng nhin thay (VIS), NIR va hong ngoai
séng ngan (SWIR) (Mahajan va nnk., 2014). Phan
xa pho cua thue vat d6i voi kénh pho trong dai VIS
chtl yéu bi &nh hwéng béi cac sic t6 khac nhau,
chéng han nhw chat diép luc va anthocyanin (Yu va
nnk.,, 2023). Trong khi d6, ciu tric té bao cua thuc
vat anh huwdng dén kha nang phan xa cia chuing doi
v&i kénh anh NIR (Zhai va nnk,, 2013). Nhw vy, sw
thay doi vé dinh dwdéng ndi chung va ham lwong K
noi riéng déu sé anh hwong dén kha ning phan xa
phd ctia thue vat, diéu nay cé thé phat hién trong
kénh VIS, NIR (Yu va nnk., 2023) va SWIR. Pimstein
va nnk. (2011) cho rang phan xa phd & dai séng
1450 nm c6 twong quan dang ké dén ham lwong K
trong 14 ciy. Do vy, viéc lwa chon déc diém phan xa
phd phut hop nham x4c dinh ham lwong K trén 14
1Ga 14 cn thiét. Hién nay, phwong phap pho bién va
hiéu qua 1a st dung chi s6 thwc vat (VI) dé xac dinh
ham lwong K (Xue va Su, 2017).

Cac chi s6 thuc vat (VI) dwoc dé xuat la rat da
dang, c6 téi hon 100 chi s6 VI khac nhau (Xue va Su,
2017). Mot so chi s6 thwe vat da dwoc phat trién
qua nhiéu nghién ctru va thyc nghiém, déng vai tro
quan trong trong viéc dinh lwong cac chi s6 sinh
hoéa ctia thue vat (Yu va nnk.,, 2023). Cac chi VI nhw
NDVI, OSAVI, TVI, FCVI, MSAVI, EVI, MCARI, RVI,
MSR, SIPI va DVI dwoc str dung wéc tinh ham lwong
K ctia ciy nho (Xuelian va nnk., 2022), cay khoai tay
(Ma va nnk, 2023), cidy lda my (Zhang va nnk,
2022) va cay laa (Lu va nnk, 2020; Yu va nnk,
2023).

Tuy viy, chwa c6 hé s6 nao chung nhat vé do
nhay cta dai phé va VI dé xac dinh ham lwong K cho
ciy trong (Lu va nnk, 2020). Trong khi, cac ciy
trong khac nhau vé gidng, khu vuc trong trot sé cé
chu ky sinh trwdng va phat trién khong giong nhau,
nhu ciu dinh dudng cho ciy ciing khac nhau va hé
s0 phan xa phé twong (g thu dwoc cling 6 sw thay
doi. Do véy, cac VI st dung trong diéu kién moi
trwong khac nhau can dwoc kiém chirng (Yu va
nnk,, 2023). Viéc xac dinh chi s6 VI phtt hop nhat dé
wdc tinh ham lwong K cho khu vie trong la tai tinh
Phu Tho, Viét Nam trén dit liéu anh MS, sé la co s&
dé nang cao hiéu qua giam sat dinh dudng cy lda,
bén phin cin déi gidm chi phi san xut, ting nang
suit lia gao va bao vé méi truong.

2.Vatliéu va phwong phap
2.1. Khu vwc thwe nghiém
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Khu vy trong 1da tai xa Vinh Lai, huyén Lam
Thao, tinh Phd Tho (Hinh 1) da dwoc lwa chon dé
tién hanh thyc nghiém. Dy la khu vie trong ltia lau
doi, c6 dia hinh thong thodng, thuan loi cho twédi
tiéu va cham séc. Khu rudéng dwoc chia lam 55 6
hinh vudng véi chiéu dai canh 10 m, bo ngan gitra
cac 6 ¢6 d6 rong la 1 m. Giong la thudn ching cta
dia phwong TBR225 dwoc trong trong 27 6. Dién
tich con lai trong giong lda lai c6 xuit xi tir Nhat
Ban J02, diy la giéng lda cho nang suit cao dang
dworc trong dai tra tai tinh Phi Tho. Lua dwoc cham
s6c theo dung tiéu chudn ky thuat, pht hop véi diéu
kién sinh triedng va ddm bao c6 diéu kién phat trién
tot nhat.
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2.2. Bay chup anh UAV

May bay khong nguoi lai da phé DJI Phantom
4 Multispectral (P4M) (Hinh 2) dworc st dung bay
chup &nh khu viee do vé. May anh da phé trén P4AM
la cum 6 may anh véi 6 bo cam khac nhau. P phan
gidi may anh 2.08 MP, chiéu cao bay chup anh la H,
do phén giai mat dit GSD sé dat dwoc 1a H/18,9
(cm/pixel). Khi chup dnh bang P4M sé& cling ltic thu
dwogc 01 anh RGB va 5 anh véi cac kénh phé twong
urng 1a: ria do (Red Edge: 730+16 nm); cin hong
ngoai (Near - Infrared: 840+26 nm); do (Red:
650+16 nm); xanh luc (Blue: 450+16 nm); Xanh
dwong (Green: 560+16 nm) (DJI, 2022).

Hinh 1. Khu vire thwe nghiém tai xd Vinh Lai - Ldm Thao - Phti Tho.

g xS

Hinh 2. UAV da phd DJI Phantom4.
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Viéc thu thp dit liéu anh trén khu vuc thuc
nghiém dworc thue hién tai 03 thoi diém twong ing
véi 03 giai doan sinh tredng chinh cda ciy lGa: Lan
1 dwgc thue hién vao thoi ky lua dé nhanh (DN), [an
2 do dackhi lta tré hét béng (TB) va lan 3 tién hanh
tai giai doan lda chin stra (CS). Pay ciing la cac giai
doan phan anh dic trung cho sy thay d6i ham
lwong dinh duéng ctia cay lda. Anh dwoc bay chup
trong diéu kién thoi tiét ndng, thoi gian bay chup
trong khoang ttr 10+12 gio. Chiéu cao bay chup anh
la 76 m, d6 phan giai anh mat dat dat dwoc la
GSD=4 cm; do phu trum doc va ngang anh la 75%.

2.3. Thu thdp div liéu thwc dia

MAu 14 lta duoc thu thap trén thyc dia ciing
thoi diém bay chup anh UAV, st dung cho 2 muc
dich: (1) phan tich ham lwong K dé st dung trong
mo hinh tinh ham Iwgng K tir anh UAV; (2) phan
tich ham lwong K dé danh gia do chinh xac cia mo
hinh. Mau 14 lua dwoc 14y tir mdi mot 6 rudng véi
03 I4n khao sat khac nhau, irng véi tirng thoi ky DN,
TB, CS. Cac diém mAu dworc 14y & vi tri khong lap lai
so v&i lan d6 trudc d6 va dwoc dinh vi bang cong
nghé GNSS dong. Moi 6 rudng duwgc 14y 03 mau la
twong tng véi vi tri do toa d6 bang cong nghé GNSS
dong, mau 14 dwoc ghi s6 nhin va dung trong cac
tai chuyén dung, phuc vu cho céng tac lam thi
nghiém sau khi két thtic thyc dia.

534500
f

Hinh 3 thé hién vi trf 18y mAu trén thira rudng
tai lan do dAu tién (thoi ky DN), cac di€ém mAiu dwoc
b tri déu trén cac 6 rudng. Trong s6 mau thu thap
dworc, 70% mau (diém mau vang) duoc dung lam
dir liéu thanh 13p mé hinh (TP) va 30% diém con lai
(diém mau dd) dwoc dung dé danh gia d6 chinh xac
(CP).

Anh bay chup MS ctia 5 kénh ph6 mau dé (R),
xanh dwong (G), xanh luc (B), ria dé (RE) va can
hoéng ngoai (NIR) & dinh dang (*.Tif) dwoc dwa vao
phan mém Agisoft metashape dé xt ly. Truwéc khi
xtrly, anh dwoc hiéu chinh phé phan xa bang thong
sO da do boi cdm bién mat trod (Sunlight sensor)
trén UAV. C4c anh dwoc ghép véi nhau bang thuat
toan SFM (Structure From Motion). Sau khi binh sai
khéi anh, ddm may diém 3D, mé hinh s6 bé mit
(DSM) va anh truec giao (bao gom 5 kénh pho R, G,B,
RE va NIR) dugc thanh lap.

2.4. Qui trinh xdc dinh ham Iwong K tir anh UAV
da pho

Viéc xac dinh ham lwong K dwa trén dit liéu
anh UAV da phd dwoc thuc hién theo qui trinh
trong Hinh 4.

Anh UAV truc giao d3 dwoc hiéu chinh hinh
hoc va chudn héa vé gia tri phan xa phd. D€ xac dinh
moi quan hé gitta cac chiso VIvéi ham lwong K trén
14 Itia, nhdm nghién ctiru chiét xuat thong tin théng
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Hinh 3. Vi tri cdc diém ldy mdu.
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Anh UAV da phé ]
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Panh gid dn chinh xac

v
Pdnh gid ham lwongK trong
sinh trwdng ciy lda

Hinh 4. Quy trinh thanh Idp bdn do ham lwong K
tur dir liéu dnh UAV da pho.
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ké ctia VI tai cac vi tri twong (g véi vi tri thu thap
mAu 14 lta. Tir d6, md hinh twrong quan tuyén tinh
dwoc lwa chon thong qua viéc khdo sat so do phan
tan K va cac chi s6 VI nham Iua chon chi s6 VI phu
hop nhit trong viéc xac dinh ham lwong K cho tirng
thoi Ky sinh trwdng cua ciy lta. 70% (112 diém)
twong Ung cac diém mau dwoc stt dung chay mo
hinh trong xac dinh ham lwong K tir chi s6 VI da lwa
chon twong tng véi méi thoi diém. DE danh gia do
tin cAy ctia md hinh, 30% (47 di€ém) mAu con lai
dworc st dung dé tinh sai s6 trung phwong RMSE
(%). Cudi ciing, ham lwong K trong qua trinh sinh
trudng cda cay lda dwoc danh gia.

2.5. Chi s6 thwc vdt trong xdc dinh ham Iwong K

Cac chi s6 VI (Bang 1) st dung phé bién trong
wéc tinh ham lwong dinh dwdng ciy trong. Cac chi
sO nay dwoc tinh todn trén nén anh truc giao da
thanh 14p tir &nh UAV da phé. Viéc tinh toan VI dwoc
thuc hién trén phan mém ENVI, sau d6 xuit anh chi
s0 VI sang dinh dang (*.tif). Viéc bién tip, tinh thong
ké duwoc thue hién trén phan mém ArcGIS desktop.

2.6. Phwong phdp xdc dinh chi sé VI phu hop
trong dinh lwong K trén anh UAV

Bdng 1. Cdc chi sé thuec vat.

TT Chi s6 thuc vat Cong thirc tinh Tai liéu tham kKhao
NDVI (Normalized _ _ (Rouse va nnk., 1973)
1 difference VI) NDVI = (Ry;r — Rr)/(Rnir + Rg)
2 | TVI (Transformed VI) TVI = (R; — Rp)/(Rg + Rp) (Broge va nnk., 2001)
SIPI (Structure-intensive _ _ (Pefiuelas va nnk,,
3 pigment index) SIPI = (Ruir = Rp)/(Ryir + Rp) 1994)
4 DVI (Difference VI) DVI = Ry;r — Ry (Jordan, 1969)
5 RVI (Rath V[) RVI = RNIR/ RR (]Ordan, 1969)
6 | FCVI (False color VI ) FCVI = 1,5(2Ryr + Rg — 2R;)/(2R; + 2Ry (Jiang va nnk., 2019)

— 2Ry +127,5)

OSAVI (Optimized soil

(Rondeaux va nnk.,

7 adjusted VI) OSAVI = (Ryir — Rr)/(Ryir + Rg + 0,16) 1996)
g MSAVI (Modified soil |MSAVI = 0,5(2Ry;g +1 (Qi vannk., 1994)
adjusted VI —(2Ryjg + 1) — 8(Ry;z — Rg))

9 EVI (Enhanced VI) EVI = 2,5 (Ryjg — Rr)/(pyig + 6Rg — 7,5Rg + 1) | (Huete va nnk., 2002)
MCARI (Modifid (Daughtry va nnk.,

10 |chlorophyll absorption in| MCARI = Rgyg — Rg — 0,2(Rgrg — pc)Rre/Rr 2000)
reflectance index)

| e | MSR = ((Ruin/Re) = D/(Ruia/Re) + 1) (Chen, 1996)

Trong d6 : Rair, Rre, Rr, Rg va Rg - Gia tri phan xa phé twong &ng trén anh tai cac kénh can hong ngoai,
kénh ria d6, kénh dé, kénh xanh luc va kénh mau xanh 14 dwgc xac dinh tir &nh da phé.
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Ham lwong K c6 quan hé tryc tiép véi kha nang
phan xa phé, ciu tric té bao va d6 dm cua la ciy
(Grzebisz va nnk., 2013; Knipling., 1970). Thay déi
ham luwong K dan dén thay ddi phan xa phé trong
vung séng nhin thiy va cin hong ngoai (Ayala-Silva
va Beyl, 2005). Hong ngoai séng gan c6 do nhay va
twong quan cao véi thay déi K trén 1 (Ma va nnk.,
2023; Pimstein vannk., 2011). Do vay, cac chi sé VI
trén Bang 1 phan 16m st dung kénh NIR.

Panh gia twong quan la phwong phap dwoc st
dung pho bién dé xac dinh méi quan hé gitra hai d6i
twong. Trong d6 c6 twong quan tuyén tinh va twong
quan phi tuyén. D€ lwa chon phwong phap phti hop,
bai bao d4 biéu dién cac diém mau theo so d6 phan
tan ciia ham lwong K va céc chi s6 VI dé danh gia sy
phén b6 cia cac diém dé (Hinh 5). So d6 phan tan
chi ra rang cac diém tap trung theo dwong thang.
Do vdy, mé hinh twong quan tuyén tinh 1a lwa chon
phu hop dé str dung chi s6 VI trong viéc chiét xuat
ham lwong K trén anh UAV:

Y=aX +b )

Trong dé: Y - ham lwong K; X - chi s6 VI; a,b -
hing s6

Heé s6 twong quan R duwoc str dung dé€ danh gia
muc d6 pht hop dé chiét xuat K tir chi s6 thuc vat
twong &ng. Gia tri twrong quan R cang cao thi quan
hé gitta K va VI cang chat ché va chi s6 VI twong tmg
cang phu hop trong viéc dinh lwong K. Mirc do
twong quan dwoc thé hién nhw Bang 2.

Bdng 2. Mirc d6 twrong quan (Trigunasih va nnk,

2022).
TT Mtrc do Hé so
twong quan twong quan R
1 Rét yéu 0,00+0,19
2 Yéu 0,2+0,39
3 Trung binh 0,4+0,59
4 Cao 0,6+0,79
5 R4t cao 0,8+1

2.7.Danh gia do6 chinh xdc

Sai s trung phwong RMSE (%) dwoc str dung
dé danh gia d6 chinh xac wéc tinh ham lwgng K hay
dd chinh xac cac mo hinh dw bao dinh dwong K
trong bai bao nay.

RMSE = ’L(Y‘#_X‘)Z (2)

Trong dé: X; la ham lwgng dinh dudmng do
dwoc trén miu, Y; - ham lwong dinh duwdng xac
dinh, dw doan dworc trén toan bo anh, n- s lwong
mau.

3.Két qua

3.1. Lwa chon chi s6 thuc vit trong xdc dinh ham
lwong K

Chi s6 thuc vat ctia mdi diém TP trén anh duorc
tinh twong quan véi ham lwgng K tir két qua phan
tich mAu 14 twong tng trong phong thi nghiém. Gia
tri twrong quan R dwoc thé hién trén Bang 3

Bdng 3. Hé s6 twong quan véi ham lwong K clia

cdc chi sé.
Chi s& Thoi diém do
‘}ISO Pé nhanh Tré bong Chin sira

R? R R? R R? R
NDVI |0,512(0,716|0,403{0,635|0,521|0,722
0SAVI1 |0,511]0,715/|0,403]0,635|0,515|0,718
MSAVI|0,509]0,7130,402|0,634|0,518|0,720
FCVI 10,385/0,620/0,512|0,716/0,433]0,658
MCARI|0,254|0,504|0,362|0,602|0,362|0,602
SIPI |0,392]0,626/0,532]0,729{0,434|0,659
TVl ]0,039]0,197)0,290]0,539|0,322]0,567
DVI ]0,019/0,138/0,286|0,535]0,286|0,535
EVI 10,382|0,618|0,252{0,502|0,453|0,673
MSR 10,510/0,714)0,403]0,635|0,516/0,718
RVI |0,540]0,735/0,396/0,629|0,478|0,691

Tl két qua trén Bang 3 cho thiy cac chi s6 thuc
vét c0 gia tri thay d6i khong cd dinh & ba thoi diém
sinh trwdng cla ciy lda. Nhin chung céc chi s6
NDVI, 0SAVI, MSAVI va MSR la nhém cac chi s6 cho
mirc do twong quan tét nhat & ca ba thoi diém do.
Chi s6 RVI cho két qua tét nhat & giai doan DN, giai
doan TB 1a chi s6 SIPI va & giai doan CS twong quan
16m nhat 14 chi s6 NDVI. Cac chi s6 TVIva DVI c6 hé
sO twong quan mang gia tri thip nhat & ca ba thoi
diém

Chi s6 VI t6t nhat & cac thoi diém DN, TB va CS
1a RVI, SIPI va NDVI c6 hé sé twong quan R twong
trng 12 0,735; 0,729 va 0,722, dwoc str dung dé tinh
toan hé s6 ham hoi quy tuyén tinh, phuc vu tinh
ham lwgng K trén toan anh UAV. Két qua thé hién
trén Hinh 5 va Bang 4.

Dw bao ham lwong K cho két qua t6t nhit tai
thoi diém DN, & giai doan TB va CS c6 mirc do
twong quan thip hon nhung khong nhiéu.
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Hinh 5. Biéu do twong quan giira chi s6 thuwc vat va ham lwong K. (a) Chi s6 RVI giai doan DN; (b) Chi s Sipi
giai doan TB; (c) Chi s6 NDVI giai doan CS.

Bdng 4. D§ chinh xdc wdrc tinh ham lwong K.

Thoi| Chis6 | Ham twong quan |Hé sO twong
diém | thwc vat wéce tinh K quan R
DN RVI y=0,081X+ 0,983 0,735
TB SIPI |y=26,357X-21961] 0,729
CS | NDVI | y=5,543X-3,171 0,722

3.2. Ham Iwong dinh dwéng K

Ham s6 trong Bang 4 dwoc st dung tinh ham
lwong K trén toan bo anh VI tai cac thoi diém do ve.
Ham lwong K dworc tinh qui d6i ra phan tram 1a ty
s6 mg phan bén chiét tich dwoc trén anh va 1kg
phan bén trén 14 lta kho & diéu kién tiéu chuin, két
qua thé hién trén Hinh 6.

Do tin ciy cla két qua wéc tinh ham lwong K
dworc tinh tir cac diém CP véi RMSE twong (g cho
cac giai doan DN, TB va CS lan lwotla 0,25%; 0,28%
va 0,26%.

Hinh 6 cho thdy rang hai giong lta J02 va
TBR225 cho sw khac biét vé nhu ciu dinh duwéng &
ca ba thoi diém. Cuing diéu kién chdam soc, giong lta
J02 ciy than to, dé nhiéu nhanh, ban 14 rong va c6
mau xanh thim hon, sw khac biét twong img vé phd
phan xa c6 thé nhin thiy dwoc trén anh truc giao
tai Hinh 6a.

(' giai doan DN, toan bo ham lrong K (Hinh 5b)
dao dong tir 1,1+3,01%. Tuy nhién, & hai giai doan
TB va CS (Hinh 6¢ va 6d) ham lwong K lai cho thay
c6 gia tri bang khong va mot s6 khu vuc tham chi
cho gia tri &m. D€ c6 thé ly gidi cho sy bat thuong
nay, mot so vi tri c6 gia tri K Am dwoc kiém tra trén
nén anh truc giao va thé hién trén Hinh 7. Qua day
c6 thé thay rang cac vi tri K bat thwong roi vao khu
vuc lda bi chudt can va 14 vang tia, khu vuc 12 bién

cam thé hién tén clia 6 rudng va khu vurc gan bor lda
kém phat trién, 14 1Ga da chét nén ham lwgng K am.
Cac vi tri nay c6 thé coi nhw cac diém 1am nhiéu mo
hinh, ¢6 thé loc bo trudre khi wére tinh ham lwong K.

DE danh gia chi tiét hon vé ham lwong K qua
cac giai doan phét trién va & cac giéng lua khac
nhau, gia tri K v&i 06 diém ngiu nhién twong tng
v&i moi 6 rudng dwoc chiét xuat. Tong s6 diém chiét
xuat 1a 268 diém, ham lwong K cta cac diém nay
duwoc thé hién tai bi€éu do trén Hinh 8.

Ham lwong K trén 14 14a cao nhat tai thoi diém
DN, & cac thoi diém TB va CS ham lwgng K giam dan
(Haifa, 2024). Theo dir liéu trén Hinh 8 ham lwong
K ctia cic diém chiét xudt trén anh phan dnh ding
qui luat, & giai doan DN ciy sinh truwdng va phat
trién nén can ham lwong K nhiéu nhit, do K dworc
chuyén din sang hat nén & giai doan TB va CS cho
thiy sw gidm dan trén 14. Nhin chung, ham lwong K
cuia giéng lua J02 cao hon cta giéng TBR225, thé
hién ro & giai doan TB va CS. Trong khi d6, giai doan
DN, ham lIwgng K ctia hai giéng lta nay cé sw khac
biét khong nhiéu.

Diém khao sat c6 ham lwgng K thip nhit & giai
doan DN, TB va CS c6 gia tri twong trng 1a 1,03 %,
0% va 0,02%. Cac diém nay déu thudc giong lua
TBR225 v&i ma diém twong wng la T99, T45 va
T126, chuyén cac di€ém nay 1én anh truc giao (Hinh
9) cho thdy rang vi tri cAc diém c6 gia tri P thip roi
vao vi tri cac 1a Ita phia duéi, cac la vang va la ta.

Cac diém khao sat c6 ham lwgng K cao nhat &
giai doan DN, TB va CS1a ]J102, J124 va J112 gia tri
twong tng la 2,45%, 1,89% va 1,60% (Hinh 10).
Cac diém nay déu thudc giong lGa J02, trén nén anh
truc giao (Hinh 10), cAc diém khao sat nay nam trén
14 Iia xanh & ting trén cling.
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Hinh 7. Mét s6 diém c6 ham lwong K dm
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Diém khao st

Hinh 8. Biéu do ham luong K cdc diém khdo sdt ngdu nhién.

Hinh 9. Cdc diém c6 ham lwong K nhé nhdt. (a) Giai doan DN, (b) Giai doan TB, c. Giai doan CS.

BE

(b)
Hinh 10. Cdc diém cé ham lwong K Iém nhét. (a) Giai doan DN, (b) Giai doan TB, (c) Giai dogn CS.

4. Két luan

Chi s6 thuc vat RVI, SIPI va NDVI dwoc lwa
chon trong xac dinh ham lwong K twong rng véi
cacthoi ky lia DN, TB va CS thong qua viéc danh gia
twong quan gitra 11 chi s6 thwc vat véi ham lwong

©

K trén 14 ctia hai giong lia TBR225 va J02 dwoc
trong & xa Vinh Lai, huyén Lam Thao, tinh Phd Tho.
M6 hinh twong quan tuyén tinh trong xac dinh ham
lwong K tir anh UAV da phé cho d6 chinh xac RMSE
1én t&i 0,27%. Chi s6 thuc vat c6 thé st dung dé
chiét tich ham lwgng K trén di liéu anh UAV
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da pho, bao gobm cac kénh phd mau dé, xanh dwong,
xanh luc, ria d6 va can héng ngoai. Cac chi thuc vt
¢6 sy twong quan védi ham lwong K trén 1a 1aa & cac
giai doan sinh truedng khong gidng nhau, c¢6 thé cho
twong quan cao & giai doan nay nhung & giai doan
khéc lai cho twong quan thap, cin tinh toan khao
sat dé lwa chon chi s6 ¢ d6 twong quan tot nhat dé
wéc tinh K.

Giébng Iha TBR225 va J02 c6 nhu ciu dinh
duwdng K khéng giéng nhau, sy khac biét nay co thé
nhan biét dwoc trén anh UAV da phé tai khu vuc
thyc nghiém. Do do6, anh UAV la tw liéu hiéu qua
trong viéc theo doi ham lwong K ctia tirng gidng lda
khac nhau. K&t qua bai b4o chi ra rang anh UAV c¢6
thé la gidi phap hiru ich trong viéc dé xuat lwa chon
phuwong an bén phan néi chung va bon K noéi riéng
cho dung, du vé6i tirng gidng lua khac nhau nham
bao vé méi trudng va tiét kiém chi phi.

Viéc wérc tinh ham lwong K trong bai bao nay
m&i chi xét danh hwdng clda K dén kha ning phan xa
phd cta 14 1da. Trong khi d6, ham lwong K con dnh
huwéng dén cau truc va dé 4m cda 1a la ma chwa
dwoc dé cap trong nghién ctru nay.
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Lé Van Canh - y twdng nghién ctru, xtr ly dir liéu
thwc nghiém, viét ban thao; Pham Thi Lan - y twdng
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