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(C) Fy/INH > (D) ~ (B) Bt/ > (F) ~ (G) By RE -
Fig. 1.

seed, (D, E) melon, and (F, G) soybean.
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(B) KK (C) /NS E By B e 0 2 AHRR (R E ()
The correlation coefficient (r) of destructive measurement and scanner measurement of plant height, leaf area, and biomass in different ages of (A) soy-

bean, (B) melon and (C) rapeseed.

FEIEE (A) K

Table 1.

#z1.

(C) Rapeseed

(B) Melon

(A) Soybean

27
0.86™"

15 18
0.84"™

087"

12
0917

Weeks after planting

0,99 095"

0.99™"

0.70° 0.84™ 083" 0877  0.86"

0.75"
0.72"

0.50
0.66
0.62

0.77

Plant height

093" 0977 0917

0.97™

089 085"

0.99"

090" 090"  0.72"

0.80"

0.83"

Leaf area

088 089" 093"

0.89™

0.93" 096" 0877 090"  0.77 0.99™ 0997 088"

™ represent P < 0.05, 0.01 and 0.001, respectively.

Digital biomass
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2. FEEVES T E MBS QB8R RN - BEITRAAEEY - HEEES AR KE ~ /INHE

FEHR s IR R A ESE o H EE T /il ke - B AEYE - NEZRAVERER IR E MR [FR

(days after planting; DAP) ﬁz_%z (weeks after planting; WAP) Ug5E 2 &t} o /2 FAEDRAHEIMGEL () > B EZR
MEDLESEER T (P<0.05, 7P <0.01; "P<0.001) -

Fig. 2. Correlation between destructive measurement and scanner measurement of plant height, leaf area and bio-
mass in soybean, rapeseed and melon. Different dot types represent the data collected in differential developmental
stages. Values of correlation coefficients () are shown on the top left of each plot and stars represent the significance

ok

of the correlation coefficient (P < 0.05, "P<0.01, and P < 0.001).
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- BV U ESR A EE - BRETERE
ANTIE > IR RS EIRE - FE HEEEY
B KA EY R AR E EEEE
SNRIEIERIEYRRK -

BE LBV R EVES R B E B IR A
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A g B e s
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3. AELEEAFERE A B-C D) FTHRFE3 5710 RERFE > (A) tha ~ (B) HEHIHA -

DAP : FETE % KL (days after planting) ; SRAZG K PHIEBEEZE (V = 8) - FAVIEE LRI ns 2 HIFR
ANOVA %SR- PERABEE =R ()7,7P < 0.05, 0.01, 0.001) FAREEZE 72 (non-significant) > fH[F ¥
FERAIFOR 5% /KA MR NEE 725 (least significant difference; LSD) JBRAERIE 2 -

Fig. 3. Cucumber growth parameters, (A) plant height and (B) leaf area, at 3, 5, 7, and 10 d after planting (DAP)
under different soil microbe treatments (A, B, C and D). Error bar is the standard deviation of the mean (N = 8). Star
and ns represent significant and non-significant differences separately by analysis of variance (ANOVA). The same
letter means that two treatments are not significantly different at 5% level by least significant difference (LSD) test.
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HUE J4EE 7 H 0 NDVI B B2 Y4 &
TS - W] R R4l 51O & 1F R SBURE B 05 ) 4R E
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(Merzlyak et al. 1999; Das & Seshasai 2015) ;
NPCI R fE =Bt R BB R S BLLH] - &
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(Pefiuelas et al. 1994; Bannari et al. 2007) - 4%
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Z 75 - NPCI {51 87R » EME &SR 5 REIE
HEAEERAH B AR (5% (507K T LSD g
MEEHEER) > B o6 Rallgdl T 50% S a8
FRFELEL100% F & & - 200% F & % mE
E - BT EMKRSE 8 K 4 (#EH A LSD
BHE R o [LERI T L 200% £ & B v
FRAERPEGEREE > BREEERET T E
fh1% 10 d » peR A SRBR F4% » 01 200%
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G4, AEIEEEFEEE (A B -C D) - #HL (A) E1E% 13 dIERINE R (B ~C) ErE% 11 d 3D [ -

AR R EIG8 ~ A~ B~ C e D s -

Fig. 4. Effects of different soil microbes (A, B, C and D) supplied on cucumber. (A) Side-view of cucumbers on the
13" day after planting; and (B, C) the top-view 3D plot on the 11" day after planting.
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Growth of tomato under different nitrogen concentration treatments. (A) Plant height; (B) leaf area; (C)

greenness; (D) normalized difference vegetation index (NDVI); (E) normalized pigments chlorophyll ratio index

(NPCI); and (F) plant senescence reflectance index (PSRI).
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Application of Plant Phenomics Platform for Automatic

Phenotyping of the Vegetable Crops
Ssu-Yu Lin', Yuan-Kai Tu', Shuen-Chi You', Yue-Ying Fu’, and Da-Gin Lin*’

Abstract

Lin, S. Y., Y. K. Tu, S. C. You, Y. Y. Fu, and D. G. Lin. 2021. Application of plant
phenomics platform for automatic phenotyping in the vegetable crops. J. Taiwan Agric.
Res. 70(1):11-23.

With the vigorous development of genomic sequencing techniques, crop breeding has entered
an era of high-throughput and big data in genomic analysis. However, the relative phenotyping tech-
niques did not keep up with the development of genotyping techniques and have become a bottleneck
for breeding development. The development of a high-throughput plant auto-phenotyping platform
is becoming an important issue in crop breeding. For this purpose, a plant auto-phenotyping platform
has been established deploying a 3-dimensional laser scanner. First, the auto-phenotyping parameters
of soybean, rapeseed, and melons were validated by comparing them with the analysis of traditional
manual phenotyping. The results indicate that the parameters of plant high, leaf area, and biomass all
are highly correlated between the auto-phenotyping platform and the traditional one (> 0.85™"). Then,
this platform has been applied to the phenotyping of the cultivation of the other 2 vegetables. The first
case was conducted on the effects of different soil microbial agents for the growth of cucumber, and the
second one was conducted on the effects of different nitrogen content formula for the growth of tomato.
The results showed that 4 commercially available soil microbial products could improve the growth of
cucumber and the formula with different nitrogen contents did significantly affect tomato growth. These
results suggest that the established auto-phenotyping platform can save labor and collect continuously
phenotyping data. It is applicable and useful for the users to analyze the diversities among plant growth
stages as well as treatments. This platform has the advantages of fast, high-throughput, objective and
non-invasive for phenotyping analysis, and is helpful for the development of crop breeding.

Key words: Plant phenomics platform, High-throughput phenotyping data, 3-dimensional laser scan-
ner, Crop.
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