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Background: This study was conducted to develop a productivity evaluation technique of Rehma-
nia glutinosa (Gaertn.) Libosch. ex Steud., by comparatively analyzing changes over time using
either a destructive or non-destructive method.

Methods and Results: Growth characters were measured every 10 days, and several growth
parameters were calculated using leaf area and dry weight. The normalized difference vegetation
index (NDVI) was obtained by a multispectral sensor on an unmanned aerial vehicle. As the
growth period progressed, growth characteristics decreased or remained constant after the August
month during a high temperature period after the linear increase. The relative growth rate, net
assimilation rate, and crop growth rate were 26.6 mg-g'-d”', 2.7 g¢m™'-d”" and 7.4 gm'-d”},
respectively. The NDVI ranged from 0.08 to 0.71 and changed in a pattern similar to the growth
characteristics. The NDVI was highly correlated with plant height, dry weight, and leaf area index.
The main growth characteristics affecting NDVI were plant height and fresh weight, with the fol-
lowing relationship was NDVI=-0.0001 + (0.016 x plant height) + (0.0002 x fresh weight).

cited. Conclusions: The NDVI correlates well with the growth and growth analysis parameters of R. glu-
tinosa and can be considered an adequate index of quantitative growth.

Key Words: Rehmania glutinosa (Gaertn.) Libosch. ex Steud., Growth Analysis, Normalized Dif-
ference Vegetation Index, Unmanned Aerial Vehicle
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NellA Fadsidet. A xge] EYe ALHE (JiB, Jisan
Series, fine loamy, mixed, mesic family of Fluvapuentic
Endoaquepts, classification of soil taxonomy by USA), 3t
EE AFEo| 38HS pH 6.7, EC 038 dS'm™!, 7%
278 g-kg!, Av. P,Os 408 mg-kg!, Ex. K 0.3 cmol.-kg™,
Ex. Ca 9.3 cmol.-kg™!, Ex. Mg 2.8 cmol-kg o]0t}

Ale 717 5 A3 [Rehmania glutinosa (Gaertn.) Libosch.
ex Steud.]o] iSRS Fig. 13} 70| Ha7]L-S 204C, 3
2R 3,639C, 73RF 759.5 mm, AFRAIG 1,190 AlZRO=
Hd (1991 - 20201) ty] Ha71L 23C, A% 203
C, d2AIF 78 AlZko] =AY A oH Zare 212 mn &
ATk 7123 A2 A2 o]F SIS 120 DAP (days
after planting)g 71522 7HAsilon, dalde A5 9]
2 55 ke eIk 100 DAPE 140 DAPl=
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A8} T (Rehmannia glutinosa cv. Dagang)ys X&)
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B oAPE A S SH e usAe PEoE AR usgon 38 528 42150 Brsg. 7le
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Fig. 1. Weather conditions from 1 (24 April) to 196 (30 October) days after planting in 2019 at Bonghwa, Korea. A; average soil

and air temperature, B; solar radiation, C; precipitation.
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g2 4 E90] A8F 59 13¢ F ¢ 10 ¢ 71408
18 3l AA Ag+ 33 4 3 W=7 2%, 944, AU
e 243 <, UE7), E, Aoz R AT
I AESES AS3Ih

AuidF AEFozHE AWYLE (RGR, relative growth
rate, Eq. 1), 53 (NAR, net assimilation rate, Eq. 2),
AHAE (LAR, leaf area ratio, Eq. 3), HI¥% (SLW,
specific leaf weight, Eq. 4), SHZ X4 (LA, leaf area
index, Eq. 5), 2=AA4E (CGR, crop growth rate, Eq. 6)

Fig. 2. Normalized difference vegetation index map of Rehmannia glutinosa cv. Dagang according to growing period.
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Felth. NDVIRE 3 A353sH A8 54 2 RGR, NAR
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EAEAL R (v3.6.2)7 Sigmaplot (v14.0, Systat Software
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9] H3l= Sigmoidal 2 FHHJSHW [R? = 097,
Root mean square error (RMSE) = 4.7] A&l wah

A&} FEFe] F4o] 75Tt (Eq. 8).
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Fig. 3. Changes of growth characteristics of Rehmannia glutinosa cv. Dagang. A; plant height, B; number of leaves per plant, C: leaf

area,

Zo] IAWA sl FA1E BT (Fig 4A). 571 AA

W7 RGRE 2 356 mgg-d!, 9% 345 mgg'-d'!, &
3.5 mg-gt-d!, RS 25.5 mgrg-d oI AEA WA ¥

7+ 266 mgg-d'2 FFA Nam er al, 19998} A
TOIUTE NARS A5 37|12 205 IHshes Aol
U 9le] HA, Ake] 7|7t Aobr] AL Al wE WE
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D: rhizome length, E; fresh weight per plant, F; dry weight per plant
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Fig. 6. Relations among normalized difference veﬁftation index (NDVI) and growth (A) or growth analysis characteristics (B) in
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Table 1. Standardized regression coefficients among growth, climate factors with normalized difference vegetation index in Rehmannia.

glutinosa cv. Dagang.

Growth
Factors

Climate

PH

FW?

RH? SRY AccSR? PO

Standardized regression coefficient 0.8217

0.182"

0.978™ 0.479" 0.473" -0.094”"

DPH; plant height, ?FW; fresh weight, *RH; relative humidity, “SR; solar

“Means significant at p < 0.01.
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sle] NDVISF frolgh Te/dhs Kol A 5458 §
2 AMgst gsAdgsAEs dAsa, 1 A3 Eq
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(Eq. 9, Fig. 7A). 7148210 2= AuHs, THUANY, Hd
A, ZFaFe] folst Wbz AYEen AAASE
0.90, RMSE= 0.07°]121t} (Eq. 10, Fig. 7B).
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NDVI = -0.0011 + 0.0156 x Plant height + 0.0002
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radiation, *’AccSR; accumulated solar radiation, ®P; precipitation.
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Fig. 7. Relations between observed and predicted normalized

difference vegetation index (NDVI) which were derived
from multiple regressions of growth (A) and climate
factors (B) with NDVI in Rehmannia glutinosa cv.
Dagang. (A); NDVI = -0.0011 + 0.0156 X plant height
+ 0.0002 x fresh weight, (B); NDVI = 1.758 + 0.021 x
relative humidity + 0.0001 x accumulated solar radia-
tion + 0.026 X solar radiation - 0.001 X precipitation.
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