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Table 1. Cultivation calendar of field trial of organic broccoli in Fall Crop 2021 (October—December 2021).

Date Item Content

10/09 Land preparation First time land preparation and irrigation

10/12 Land preparation Second time land preparation; applied basal dose of fertilizer

10/17 Furrows making Making furrows with spacing of 1.2 m and ditch width of 0.45 m; cover furrows with black
plastic film and dig holes for seedling transplanting, two parallel rows per furrow with in-row
distance 0.75 m

10/18 Transplanting and Seedling transplanting with spacing of 0.75 m x 0.50 m and irrigated after transplanting; first

first sampling sampling

10/26 Weeding First hand weeding on furrows and weighted the harvested weeds

11/01 Biopesticide spraying  First spraying of Bacillus thuringiensis by unmanned aerial vehicle (UAV) or human labor

11/02 Insects collecting Attach yellow (Y) and blue (B) sticky paper traps around the plots of the organic broccoli field

11/02 Weeding Second hand weeding on furrows and weighted the harvested weeds

11/09 Top dressing Applying first top dressing of liquid organic fertilizer by UAV or human labor

11/09 Weeding Third hand weeding on furrows and weighted the harvested weeds

11/10 Second sampling Second sampling at 23 d after transplanting

11/15 Biopesticide spraying  Second spraying of B. thuringiensis by UAV or human labor

11/16 Insects counting Bring back yellow (Y) and blue (B) sticky paper traps for insects counting

11/16 Insects collecting Attach yellow (Y) and blue (B) sticky paper traps around the plots of the organic broccoli field

11/23 Insects counting Bring back yellow (Y) and blue (B) sticky paper traps for insects counting

11/23 Weeding Fourth hand weeding on furrows and weighted the harvested weeds

11/25 Top dressing Applying second top dressing of liquid organic fertilizer by UAV or human labor

11/30 Insects collecting Attach yellow (Y) and blue (B) sticky paper traps around the plots of the organic broccoli field

11/30 Weeding Fifth hand weeding on furrows and weighted the harvested weeds

12/03 Third sampling Third sampling at 46 d after transplanting,

12/07 Insects counting Bring back yellow (Y) and blue (B) sticky paper traps for insects counting

12/07 Weeding Sixth hand weeding on furrows and weighted the harvested weeds

12/07 Biopesticide spraying  Third spraying of B. thuringiensis by UAV or human labor

12/08 Irrigation Irrigation in the afternoon

12/14 Top dressing Applying third top dressing of liquid organic fertilizer by UAV or human labor

12/14 Insects collecting Attach yellow (Y) and blue (B) sticky paper traps around the plots of the organic broccoli field

12/14 Weeding Seventh hand weeding on furrows and weighted the harvested weeds

12/16 Fourth sampling Fourth sampling at 59 d after transplanting

12/17 First harvest First time harvest of flower heads

12/24 Second harvest Second time harvest of flower heads

12/24 Insects counting Bring back yellow (Y) and blue (B) sticky paper traps for insects counting




296 G

AN (F) bR =05RR - 0 PE U SRR
frElaE (R 1) EEREAIDFRHARE
RS EREE - A THE - fBHE
PREEFEER 700 5 1 REMIR - EREMER
FeERUHT 9 d 53 BIVERE 1 2K o BRAE RS
Eask 1> MEEEEEFARanER?2 -

A B B o A B9 = A UAV By Agras T16
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Table 2.
for field trial of organic broccoli in Fall Crop 2021.

B71E H4W

INEACHERAE AT - U H AV ER B T BSR4
BATRES - HITYEEE T - LERRE
(pH) R 7KEE 1« 175M%E (McLean 1982) »
BEE (electrical conductivity; EC) %+ /KLEb
15 ZHU& W 7E (Rhoades 1982) » +IE A1
&8 Walkley-Black J£H|7E (Nelson & Som-
mers 1996) » TIBEH LILLEETENITE (Gee &
Bauder 1986) - MEHEARE, (T B RE A R HHREE)
AIFIAI 2 N KCIZEH% » DUEER AR (Smartchem
140, Systea S.p.A., Anagni, Italy) JHIE » B
PEbE R ARG -85 ~ 8 - PRDU RS EE
EE (B B 8 8% R ) L&
EFEEUE - DURERE & B I Lt
(Inductively Coupled Plasma Atomic Emis-
sion Spectroscopy; ICP-AES) JH|E (Mehlich

2021 FERKAFA T T I ER 2 e A AP B e A\ T2 A B 5 b -

Comparison of differences between agricultural drones and traditional human labor management practices

Item Practice Dose Amount of water  Dilution factor Date Duration (s)
Spraying of Bacillus UAV? 80¢g 8L 100 2021/11/01 243
thuringiensis 2021/11/15 218
2021/12/07 225
2021/12/15 274
Human labor* 80¢g 80L 1,000 2021/11/02 3,060
2021/11/15 3,066
2021/12/07 3,082
2021/12/15 2,948
Applying of organic liquid ~ UAV 500 mL 10L 20 2021/11/09 243
fertilizer” 2021/11/25 249
2021/12/14 246
Human labor 500 mL 80L 160 2021/11/09 3,342
2021/11/25 3,076
2021/12/14 2,886

“ Organic liquid fertilizer “Jinfengshou (5-15), JF Biotechnology Company, Pingtung County, Taiwan. Ingredients: meat and bone
meal, soybean meal, and rice bran. Compositions: total nitrogen 3.9%, total phosphoric anhydride 3.9%, total potassium oxide 2.1%,

and organic matter 30.0%.

¥ by agricultural unmanned aerial vehicle (UAV) (0.2 ha, 1 person; nozzle distance from plant height 2.5 m).
* by traditional manual knapsack sprayer (0.2 ha, 2 persons; nozzle distance from plant height 5-10 cm).

F 3. 2021 FRAIFA RS TC H SRR i AR R ERER -

Table 3. Meteorological environment for the operation of agricultural drone for organic broccoli field trial in the

Fall Crop 2021.
Air temperature(“C) Wind speed (km h™) Rainfall probability (%) Visibility (km)
15-28 6-32 0 16
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1984) » TSR MFE 4 - HIEEK 2B
B3 > % DL pH meter JHIE FZ i ~ EC meter
I E B - SR R BT I E R R
ICP-AES 7y #rl5if+ (% ~ % ~ 87 ~ ¢ - #7 87
B~ BE 88 - 85 - 85 8 BE 0 GERUWERS -

R 22N A BEATR - ELATEE A &Rk
TR 6-3-3-85 )R G A ME LR (Bt A PRt
FERMERAE » 688k NEEXHE
fE AT 6 d (2021 4210 H 12 H) Jii AHIE - fif
FI& 2,000 kg ha™ - 36 U EE FH & YUK R A 14
BHURE (5-15) (BIEEYRIARAE > G678
B ) » BURIERI AT L B ~ 2R R
BELAAT © RE 3.9% ~ WA 3.9% ~ 241k
#72.1% ~ AH#E 30.0% - FEMENERER
FEHEEE > 53 BIGEE Sk B A7 T AR /K & R R R
(2HF%E2) -

KA H LKL TN - BB
ARMER G BT EMEH S EE R EE
30 fRZAh - HEREUSE H 2% B 2% 5 1R 1 A i Y
BE 10 Bk » 384 (1) ¥k (plant height, cm) :
Hith R SRR =R 0 (2) ¥ & (stalk length,
cm) @ R BLEEREL > Q) EEKEHEE

4. BHEHEZYIENE -

Table 4. Physicochemical properties of soil in the ex-
perimental field.

Soil property Value
pH(1:1) 7.63
EC (1:5)(dsm™) 0.10
Organic matter (%) 2.32
Texture Sandy loam
NO,-N (mg kg™ 37.80
NH,-N (mg kg™) 94.30
Available P (mg kg™) 59.00
Exchangeable K (mg kg™) 97.00
Exchangeable Ca (mg kg™) 3,260.00
Exchangeable Mg (mg kg™) 165.00
Exchangeable Cu (mg kg™) 5.30
Exchangeable Zn (mg kg'') 2.90
Exchangeable Cd (mg kg™) 0.06
Exchangeable Cr (mg kg 0.65
Exchangeable Ni (mg kg™ 1.20

Exchangeable Pb (mg kg™) 6.50

(stalk circumference, cm): 5 & ELH A E H £
(4) EEF % (leaf number, no. pl') : F&k M i
F# > (5) EHFE (leaf area, m” pl™') : ff ff i
st (6) FEHAEEE (leaf area index,
m’ m?) : BL{r 2 Hh A A AT PR R
KRB ERR TAEEEBK - BRIy -5t E
HEEE PN 2 ACEKEH (number of flower
heads, no. block™) » I &M EEHER Z &
B (maximum diameter, cm) ~ fE ¥ (flower
stalk length, cm) @£ EE (fresh weight, g) °
RERWL > BB & EE R 3 ] 13.5
m’ FREEE AR 2 (L ER > SOt E > A
NEEERENBE R A AEEEERE - RIZIT
B BRAGRHR B e B = (R 70 8 4R (level) » &
BEGRICERBET bR a8 mE - 5
1 TR 2 RERUTARZE 7 Hllas i Ry e B 12
em DL B 10 em DL EAYFEEBK » BRI EEESE
AR = 57 Fy ¢ level 1 (<300 g head™)
level 2 (301-400 g head™) » level 3 (401-500
g head™) » level 4 (501-600 g head™) » level 5
(601-700 g head™) »level 6 (701-800 g head™) -
level 7 (801-900 g head') - level 8 (> 901 ghead™) -

x5 EROKZHEAEME -

Table 5. Physicochemical properties of irrigation water.

Property of irrigation water Value
pH 6.92
EC (dsm™) 1.36
Total carbon (mg L™) 50.90
Exchangeable K (mg L) 6.80
Exchangeable Na (mg L) 13.20
Exchangeable Ca (mg L™) 240.00
Exchangeable Mg (mg L™) 59.30
Exchangeable Fe (mg L™) ND*
Exchangeable Mn (mg L™) 0.33
Exchangeable Cu (mg L) 0.78
Exchangeable Zn (mg L") ND
Exchangeable Cd (mg L) ND
Exchangeable Cr (mg L™) ND
Exchangeable Ni (mg L™) ND
Exchangeable Pb (mg L) ND

“ND: not detectable.
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Fig. 1.

Changes in plant height, stalk length, stalk circumference, leaf number per plant, leaf area and leaf area in-

dex (LAI) at different days after seedling transplanting of broccoli, using agricultural drone (T) and traditional human
labor (CK) management practices, grown in MingDao University Organic Farm located at Pitou Township of Chang-

hua County in Fall Crop 2021.
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Fig. 2. Changes in fresh and dry weights (FW and DW) of leaves, stalks and plants at different days after seedling
transplanting of broccoli, using agricultural drone (T) and traditional human labor (CK) management practices, grown
in MingDao University Organic Farm located at Pitou Township of Changhua County in Fall Crop 2021.
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Fig. 3. Changes in fresh and dry weights (FW and
DW) of weeds collected from furrows of experimental
fields at different days after seedling transplanting of
broccoli, using agricultural drone (T) and traditional hu-
man labor (CK) management practices, grown in Ming-

Dao University Organic Farm located at Pitou Township
of Changhua County in Fall Crop 2021.
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Fig. 4. Changes in counts of insects caught by yellow
and blue sticky paper traps from experimental fields at
different days after seedling transplanting of broccoli,
using agricultural drone (T) and traditional human la-
bor (CK) management practices, grown in MingDao

University Organic Farm located at Pitou Township of
Changhua County in Fall Crop 2021.
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Fig. 5. Comparison of differences in the average
values of length of flower stalks of organic broccoli be-
tween agricultural drone (T) and traditional human labor
(CK) management practices harvested in the first har-
vest (I, 12/17/2021), the second harvest (11, 12/24/2021)
and pooled data (I + II) for field trial in Fall Crop 2021.
The first and the second harvests collected flower heads
with the maximum diameter greater than 12 cm and 10
cm, respectively.
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Fig. 6. Comparison of differences in the average val-
ues of maximum diameter of flower heads of organic
broccoli between agricultural drone (T) and traditional
human labor (CK) management practices harvested in
the first harvest (I, 12/17/2021), the second harvest (II,
12/24/2021) and pooled data (I + II) for field trial in Fall
Crop 2021. The first and the second harvests collected
flower heads with the maximum diameter greater than
12 cm and 10 cm, respectively.
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Fig. 7. Linear regression analyses between length of
flower stalks and fresh weight of flower heads collected
from the field trial with agricultural drone (T) and tradi-
tional human labor (CK) management practices in both
the first (I, 12/17/2021) and the second (II, 12/24/2021)
harvests in Fall Crop 2021.
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12/24/2021) harvests in Fall Crop 2021.
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12/24/2021) and pooled data (I + II) for field trial in
Fall Crop 2021.
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Comparison of Agricultural Unmanned Aerial Vehicle
(UAV) and Traditional Human Labor for Biopesticide
Spraying and Fertilization on the Effect of Organic
Broccoli Production

Chwen-Ming Yang"*", Cheng-Wei Liu’, Kai-Ying Chiu®, Kai-Yue Chen’, Ying-Chun Chen’,
Ya-Ching Teng’, Hui-Ping Lo’, and Yi-Jing Chen’

Abstract

Yang, C. M., C. W. Liu, K. Y. Chiu, K. Y. Chen, Y. C. Chen, Y. C. Teng, H. P. Lo, and Y.
J. Chen. 2022. Comparison of agricultural unmanned aerial vehicle (UAV) and traditional
human labor for biopesticide spraying and fertilization on the effect of organic broccoli
production. J. Taiwan Agric. Res. 71(4):293-307.

A field experiment was carried out at an Organic Farm of Mingdao University, Pitou Township,
Changhua County. Two field management practices, agricultural unmanned aerial vehicle (or agricul-
tural drone; T) and traditional human labor (CK) for biopesticide spraying and fertilization, were com-
pared to evaluate the differences in the growth and production of organic broccoli. According to the
preliminary results of Fall Crop in 2021, there were no significant differences between the two man-
agement practices in plant height, stalk length, stalk circumference, leaf number, leaf area, and leaf
area index. All traits followed a similar trend as the growth progressed, indicating that the T-managed
practice did not cause a significant growth lag in the investigated growth traits relative to those of
the CK practice. There was generally no significant difference between the two practices in the fresh
weight and dry weight of leaves, stalks, and the whole plant along plant development. Both practices
used hand weeding to remove weeds that emerged on the furrows of the field plots. It showed that the
furrows with CK practice 19 d after seedling transplanting had a higher weed population. After that,
no difference was found between the two practices, and the weed population gradually decreased with
the expansion of the broccoli plant size. From the counts of insects caught by yellow (Y) and blue (B)
sticky paper traps hanging around the plots of the field, it was shown that counts of insects caught by
Y paper traps were greater than that of the B paper traps in the plots of both practices. The average
counts of insects caught by each Y paper trap were higher in plots of CK, while the average counts of
insects caught by each B paper trap were higher in plots of T. There was no significant difference in
the total counts of insects caught by Y plus B paper traps between two management fields. In the first
harvest of flower heads (I, 12/17/2021), no difference was found in the average values of the length of
flower stalks between practices. In the second harvest (11, 12/24/2021), the average value of the length
of flower stalks of T (23.49 + 0.34 cm) was longer than that of CK (22.20 + 0.51 cm). The pooled data
of two harvests also showed that T (23.46 + 0.54 cm) had a higher value than CK (22.46 + 0.54 cm).
When the longest diameter of harvested flower heads were compared, the average value of T (19.36 +
1.11 cm) was higher than that of CK (17.36 + 0.40 cm) in the first harvest, but not in the second har-
vest, nor in pooled data of two harvests. By the regression analyses between the fresh weight of flower
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heads and the length of flower stalks of pooled data, there exists no relationship in both the first- and
the second-order regression models. However, the regression between fresh weight of flower heads
and longest diameter of flower heads showed a significant linear relationship, in both CK (R* = 0.415,
P <0.0001) and T (R* = 0.229, P < 0.0001). With pooled data of two harvests, results indicated that T
practice (8,047 + 1,213 no. ha™) collected more flower heads than CK practice (5,506 + 711 no. ha™),
as well as in the yield of fresh flower heads, 3,956 = 639 kg ha™ for T and 2,531 + 544 kg ha™ for CK.
Comparing the percentage distributions of different levels (fresh weights) of flower heads collected
in two harvests of both management fields, from level 1 to level 8 (from small to large), it was shown
that CK practice collected more flower heads of level 1-3 in the first harvest and level 2—5 in the sec-
ond harvest. For T practice, it collected more flower heads of levels 2—5 and levels 3—4 in the first and
the second harvests, respectively. With pooled data, CK practice collected most the flower heads in
levels 1-5, 94.29% in total, while T practice had most flower heads in levels 2-5, a total of 90.50%.
As a result, under the conditions of this experiment, compared with the traditional human labor man-
agement practice, the agricultural drone management practice may produce flower heads with larger
sizes and fresh weights.

Key words: Agricultural unmanned vehicle, Agricultural drone, UAV, Organic broccoli, Production.
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