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Effects of UAV Flight Speed and Reduced Application of Nitrogen Fertilizers and Pesticides
on Yield Formation and Energy Efficiency in Machine-transplanted Rice

CHEN Xuefang!, CAO Yun!, TANG Jingsha', HUANG Xinghai!, HE Ziting!, WANG Lanpeng', LI Ruijie!,

LU Tao', SUN Yuanyuan?, LIAO Qin!, WANG Zhonglin', YANG Zhiyuan', MA Jun', SUN Yongjian'"

(‘Rice Research Institute of Sichuan Agricultural University/Crop Ecophysiology and Cultivation Key Laboratory of Sichuan Province, Chengdu 611130,
China, ? Sichuan Climate Center, Chengdu 610072, China; *Corresponding author, email: yongjians1980@163.com)

Abstract: [ Objective ] To determine the effects of efficient, reduced-input pesticide and nitrogen (N) fertilizer application
via unmanned aerial vehicles (UAVs) on the yield formation and energy efficiency of machine-transplanted rice. This
study proposes an optimal model for adapting reduced N fertilizer and pesticide inputs to UAV operational efficiency,
providing a theoretical foundation and practical basis for integrated UAV fertilizer and pesticide application systems.
[ Methods] A randomized block design was used with two drone flight speeds and four fertilizer-pesticide reduction
treatments. Two drone speeds were set: 5.0 m/s (F1) and 5.5 m/s (F2). Four treatments with proportionally reduced N
fertilizer and pesticide application were established: conventional application rate (Ni1), 10% reduction (N2), 20%
reduction (N3), and 30% reduction (N4). Manual conventional application (CK1) and no application (CKz) served as
controls. The study examined the effects of UAV flight speed and combined reduction treatments on
machine-transplanted rice yield, plant population quality, and energy efficiency, while exploring the relationship between
yield formation and energy efficiency under the UAV-based integrated fertilizer and pesticide application model.
[ Results] Compared with the CKi treatment, the FiNi, F2Ni, FiN2, and F2N: treatments increased yields by
1.22%-1.96%, with no significant yield differences among treatments and disease control efficacy exceeding 84% in all
cases. Notably, under 10% reduced fertilizer and pesticide application, treatments FiN2 and F2N> exhibited increases of
1.73%-13.24% in both dry matter transport volume and rate, as well as N transport volume and rate. N partial factor
productivity, N uptake efficiency, and N harvest index increased by 12.48%-12.89%, 17.84%-18.75%, and 1.86%-2.30%,
respectively. Energy output, net energy and energy utilisation efficiency increased by 0.54%-0.66%, 0.98%-1.11%, and
5.47%-5.52%, respectively. Under identical fertilizer-pesticide regimes, a 10% increase in drone flight speed raised
electricity consumption by 5.19%-10.11%. However, reduced labor hours offset electricity costs, yielding the highest net
profit of 8,848.94 yuan/hm? under the F2N> treatment. This demonstrates that a 10% increase in UAV speed combined
with a 10% reduction in N fertilizer and pesticide application (F2N2 treatment) enhances operational efficiency and
reduces production costs (labor) while maintaining net profit. This achieves cost savings and efficiency gains,
representing the optimal production model for N fertilizer and pesticide reduction adapted to UAV operational efficiency
in this trial. [ ConclusionJThe 10% drone speed increase coupled with 10% integrated N fertiliser and pesticide reduction
drives synergistic optimization of yield, ecology, and energy efficiency in machine-transplanted rice through an optimised
compensation mechanism. This achieves unified synergies of fertilizer and pesticide savings alongside high yields and
efficiency, providing theoretical and technical support for fully mechanised green rice production.
Keywords: rice; UAV; flight rate; N fertilizer; pesticide; production energy efficiency
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# . AN WG AN E SO ERSE R 245 Z XS VUGERE = RS BRI, B2 H SO AEAR 24 3 B i
TNNE LR R A, TR ANUIRZ 456 A P A R R SR AN SRR . [O7E ] IE T AN ¥ATH
B 5 N2 45 Ay i BEATLIX AR5, 2 FhOC AN RATIREE 35008 5.0 m/s (F)F 5.5 m/s (Fa); 4 PR 24 B LAl 98
AL B3 B ENEAR 25 55 A H U B AL FE (N B 10% (N2) T8 20% (N3). B 30% (Na), FERAN THHIA
AEAR 24 Ab B (CKa) R AN it AR 24 A FE(CK2) X B, B AT AN RAT 3 S 5 BB AR 24 27 & it A B M LA FE = 1
PRJT B KRR, ARSI TE ANLIB 2 45 6 AL P U UG = B S R e R (4R 1 5 CK bt
AL, FiNi. FaNi. FiNo fil FoNo AbBEIEF 1.22%~1.96%, S#ACB 8% FREZ HAHR E0E SR BE 84%LL
Lo RHJE FINo AT FaNo 4038, FEARZG00E 10%5%1F T, B TYRicE. HiaRNERKiZE. FEREn
T 1.73%~13.24%, EHEMRAEF= 77+ ENEIRSOR] F 2 R0 R GRFE 200 I3 0 12.48%~12.89% . 17.84%~18.75%-
1.86%~2.30%, BEEF~H. HEEE. SEEFHRE SR 0.54%~0.66% 0.98%~1.11%- 5.47%~5.52%. [F—/E
TR, AN ATHE 10%HAEFERIEIN 5.19%~10.11%, {E46% 1 555) s TAERE], "IAMEmAERA, %
25 L FaNo 402 8848.94 JG/hm? i RIAT AMNIIEE 10%M A FIK AR 10% (FaN2 4b3), TERFEF I
HIEAE 38 s AR AN B L P2 AR (F5 8 1), I BT ARIERL, A A B AEAR 20 IE B TE MR L 3R 1
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Table 1. Integrated N fertilizer reduction treatment
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ZEHEH N application (kg/hm?)

A ZJitif Pesticide application (mL/hm?)

FEIE

BEfE

7y BE] 4 Bl 391

L i e L - £
s (BT 1 ) (AR 7 ) e (AR 22.0) AR ol
o o S (AAES L) o AT 4Ry
Treatment Basal fertilizer Tillering fertilizer . Tillering stage Critical tillering .
Topdressing for . Heading
(1 day before (7 days after e (22 days after stage-jointing
. . panicle initiation . stage
transplanting) transplanting) transplanting) stage
FiN; 45.00 45.00 60.00 100% (A+B) 100% (A+C) 100%(B+C+D+E)
FiIN, 40.50 40.50 54.00 90% (A+B) 90% (A+C) 90%(B+C+D+E)
FiNs 36.00 36.00 48.00 80% (A+B) 80% (A+C) 80%(B+C+D+E)
FiNy 31.50 31.50 42.00 70% (A+B) 70% (A+C) 70%(B+C+D+E)
FoNy 45.00 45.00 60.00 100% (A+B) 100% (A+C) 100%(B+C+D+E)
FoN, 40.50 40.50 54.00 90% (A+B) 90% (A+C) 90%(B+C+D+E)
FaN3 36.00 36.00 48.00 80% (A+B) 80% (A+C) 80%(B+C+D+E)
FaNy 31.50 31.50 42.00 70% (A+B) 70% (A+C) 70%(B+C+D+E)
CK (A T) 45.00 45.00 60.00 100% (A+B) 100% (A+C) 100%(B+C+D+E)
CKo(%EH) 0.00 0.00 0.00 0.00 0.00 0.00

NI: BRI N2: BULRZALEARE 10%; N3: FILKZZEARE 20%; N4: BHLRZLEGIE 30%; Fi Ml F 20 FoRn EANL |

A7 5.0 m/s A1 5.5 m/s.

CK1: NTHWMAEIARL LI CK2: AHEALZ . AR 24t A e b B s iR A . A: 11.6% & L 25 (750

mL/hm?); B: 10%F4ER (750 mL/hm2); C: 30%7 I PIIAME(450 mL/hm2); D: 20% =3I (1500 mL/hm?); E: 40%5 HHPEHUBR(150 g/hm?).
Ni, Conventional nitrogen fertilizer and pesticide treatment; N, 10% reduction in total nitrogen fertilizer and pesticide amount; N3, 20% reduction in total

nitrogen fertilizer and pesticide amount; N4, 30% reduction in total nitrogen fertilizer and pesticide amount; F; and F, refer to drone speeds of 5.0 m/s and 5.5

m/s, respectively. CK;, Conventional manual nitrogen fertilizer and pesticide treatment; CK,, No fertilizer or pesticides; The average yield range in the table

represents the mean of the UAV treatment F; (5.0 m/s) and F, (5.0 m/s).The timing and dosage of pesticide application shall be determined in accordance with
local production practices. A, 11.6% methoxyfenozide (750 mL/hm?) ; B, 10% avermectin (750 mL/hm?) ; C, 30% benomyl (450 mL/hm?) ; D, 20% triazole

(1500 mL/hm?) ; E, 40% chlorantraniliprole (150 g/hm?).

101.5£2.6 mg/kg, EZLME 19.6+1.4 mg/kg, HRH
106.0+4.2 mg/kg, HHLA 23.8+0.3 gkg, pH fHN
6.0+0.4, AEJJ345). CLEZAE A REDL 6308(Hl
= R0 HE, AR ZEE ) A, K
T60 o ANLAARIIKSERIHL AHTA BR A =) I 2y
O AEN . EANSEE BT EOMEEN
1000 r/min, WiEAH 7.0 m, W4 N 2.0 m, KATH
FEN3.0m, KATEEE 5.0 m/s F1 5.5 m/s.
1.2 R

KHEEMILX A%, RE 2 I AL T
R 4 FREAER Z90E AL A (R 1), Hb, /AT
FES A Fr(F M CATEEE 5.0 m/s)Fl Fo( RATIH
P2 10%, B 5.5 m/s). TEH FiEZE 150 kg/hm?
g 0 2 8 SR A b 1 B RUIE A 24 [R) EL A sk it Ak
H, BAARAHE: N CHAUEEAR 0. No(BEEAR
HEEEIRE 10%) Na(BIERALEEHE 20%).
Ny(BIER 25455 TR E 30%). [F) I35 B AN o R
CK (N T M RUIE AR 25 Ab HE) R CKo(AS it A 24 =
). 3L 10 MbEE, EE 3. 4 A 10 HHUWALSE
Bl BECH TR ME R E M, HMUERES 25d, 1T
FREE 30 cmx18 emo NHITRIEZ AR AR /NX,
AINXBE11.5 m, TANUEALBEIRET 7.0 m, %/
DX B o 4R B 22 A oy, 38 FROR R AT 58
HEIE 5 /NX B8 FE (o AN HLTG 75 4 Sk A 0 B Wit ),
WG T ARG, Al B AN X I IA B B R ROR

FA A GLBERRES, & P.0s 12%)jt FH = &
P,0s 75 kg/hm?, ¥FNEEAE—Vit A #AE(E L
B, 2 Ka0 60%)it F &4 & KO 150 kg/hm?, 7E%E
AEFIAR AR ZE R . FEAE T4 AAT 1| d A, BEAR
THJE 7 d i, FEART-E) 4 v A, At E
BRSO . BUE R AR S m e R
REH,
1.3 MEmMB KRG
131 RREHE

LU 7 R B [577 R0 2 2 B o 0 7l 5 20 g
i, KGR VRGO A O AR
FAEDL: T MO G 7 9 2 8 R AR SRR
IR 7% WK AT A R
132 FHRRERLIE

TR SRR R R AR A T 35 2R B
BUMERK 3 9%, B 3. BEE. AR5,
T 105°C F 474 30 min, 80°C Nt ZEfE . %M
W7k MIZE R 0 S (R T AR R &
iz BMEIE R,
1.3.3 rt@AR4544= SPAD 16

TESRTT I R, /N AR P 25
BERCHORE, FI K 8 R E0E PN 5 FE k2 o i T
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Table 2. Energy coefficient and unit price of input factors

miH FLAL fit B R HL iixi:Ie7m)

Parameter Unit Energy equivalent Price (yuan)
J43ZRERh Hybrid rice seeds kg 14.70 70.51
955071 Labor h 1.96 18.15
WRKL Fuel L 56.31 6.66
i Electricity kWh 3.60 0.55
ZUE N fertilizer kg 66.14 3.26
A Phosphate fertilizer kg 12.44 2.76
R Potash fertilizer kg 11.15 2.35
% B 751 Insecticide kg 101.20 332.30
A7 Fungicide kg 216.00 461.42
FE4 Paddy rice kg 17.00 2.60
FEFT Rice straw kg 12.50 0.30
WL Mechinery h 62.70

AL AR AR X A AR AT E A Tk

The unit price is based on the production cost in the pilot zone and the average labor cost.

4bf) SPAD {H, #EH 3K, BUFIIME.
134 REMRRIE

¥ 1.3.2 HEFRESOR L 80 H i, Al HaSO47H
A Ja KA A3 IR E ZA(K1100/K1100F, i {E
RRHAREA M AR A R 2w, o e #5667 2 &
o B KNISERIR AT AR R R R
e ia g SOR AR
1.3.5 A& m =

TERCGAR, MR- s, B/NXEE 5
JAERR, DE SRR, SOREBOT-RE ., JF RS
ACHL. 5505 B/NX BRI, s,
KRB 7K S EONPRE B 7K & 13.5%
1.3.6 AEE R E 9T

TR H S FH B2 B 20 01 Dy B B Rl L
2BP-1000, JiifE 210 kg, HEIH#FE 2.37 kWh; FHikH
HiKL P1204-4P, JFifE 4000 kg, WREHHFE 15.30 L/h;
FEFERAL YROOM, J5i 2 755 kg, BRRHE#E 3.47 L/h;
KIETLAMNL T60, FifE 62.00 kg, HLWHHE 9.65 kWh;
AN LHi% 3% 3WBD-20L, Jii& 4.50 kg, HLVH#E 0.003
kWh; AfRHEIPL PROSSSGM, Jifi & 3760 kg, #A
BHHFE 17.39 Lihe A= BARG T HEEAN A =8N
THTANAFREAHETFIER &25. AT, #l
MRS RBNGE 2).
13.7 5%t 5

SUN P AR B [577 280 B e R Il o il 4 201 vk
HAT, TR o AR IR R AR E R ML
& fReE . fe BRI R A RE B4 7 )44 8 Cheng
FRARITEN R B E REUZ RS
Dzkan 25RO 77505 EBENSEUT

995 45 B 2280 (Yo)=[ (37 7K XoF B X995 155 F B — 24 77 Ak
P X 73 155 5 B0/ 7K 8 X993 175 4 %50 % 1005

ML MR % N & (EIM , MJ/hm?)=WHFxMTRx
WOM/TOL/FEW, #*f WHF. MTR. WOM. TOL.
FEW, 25 ubURAE SRR HU TAERA] . filid
B AVEHENLER FIREYR . ALAS T2 ML A
TAERCE.

HHERWNE, MI/hm?)=RE&E " H-feEHRN;

Re A RCR(EUE, %)=ftE ™ H/AEEHRN;

REEATTI(EP, kg/MID=FE4 7 E/REEBN;

feE ™ H(EO, MI/hm2)=fEa = Exhi i 25

RERHEN(EL, MJ/hm?)="% TG4 A8 b5 (5 I
. FHE)<BEE R
1.4 HIESHH

A Microsoft Excel 2016 1 IBM SSPSS 27 b
HEHE, R 3T LR 2K 7 % (One-way ANOVA)
ST, AEFREIME ELB# ] Duncan 722 573 30 & kS
1:(P<0.05); F] Origin 2024 BEATHIICIE /M F1 2%

0

2“5

2.1 FEERHEMR

AN TR B A% 245 T it Ak B X AL 46 e 7 B B L A
R 2R R IA 2 KT, JE IO A R ERN 2,
FACE RO S R AR T AR ) 1) 52 247 B
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Table 3. Effects of N fertilizer and pesticide application methods on yield and yield components

e AR AR %L SBHE gl THRLE T4 &
Treatment Effective panicle No. of grains per Total spikelets Seed setting rate 1000-grain weight Grain yield
number(x10*hm?) panicle (x10%hm?) (%) (2) (kg/hm?)
FiN; 265.00+0.30 a 178.38+1.06 a 472.7242.85 a 83.54+0.24 ab 28.7440.06 ab 10334.50+104.98 a
FiN, 264.21+0.49 a 173.95+2.05b 459.60+7.42 b 84.47+0.23 a 29.124+0.55 a 10298.45+148.61 a
FiN;3 256.07+1.48 b 165.08+1.79 ¢ 422.744+6.77 ¢ 83.13+0.84 ab 28.37+0.28 b 9164.36+189.56 b
FiNy 244.2240.94 ¢ 158.95+4.27d 388.19+11.18 ¢ 81.2240.79 cd 27.48+0.40 ¢ 8175.73+207.25 ¢
FoN; 265.15+0.79 a 174.97+1.81 ab 463.95+6.18 ab 83.45+0.34 ab 28.25+0.59 b 10276.27+105.65 a
F2N, 263.79+0.70 a 173.28+1.29 b 453.04+4.56 b 83.84+0.62 a 28.75+0.10 ab 10259.44+68.81 a
FaN3 256.57+0.78 b 157.40+2.38 de 403.83+5.84 d 82.34+0.29 be 28.36+0.19b 9143.78+63.26 b
FaNy 244.9742.46 ¢ 154.2342.46 ef 377.83£8.85 ¢ 80.02+0.63 d 27.39+0.32 ¢ 8154.63+251.64 ¢
CK, 265.60+1.10 a 174.14+1.48 b 462.5244.59 ab 83.41£0.49 ab 28.4740.11 ab 10135.71+175.53 a
CK, 215.444+0.72 d 151.50+1.88 326.39+4.89 f 77.2840.18 ¢ 27.17+0.56 ¢ 6330.49+90.91 d
F1H Fvalue 581.62** 57.97** 156.67** 53.85%* 9.31%* 227.97**

[FFIAE NG FREFORE 0.05 AP EEREZE. *. =5 5FRE 0.05 #10.01 KFEREE. FHEL

Different lowercase letters indicate significant difference at the 0.05 level. * and ** indicate significant difference at the 0.05 and 0.01 levels, respectively.

The same below.

A USRI E S W M LS HKT. F—EANL
AT, BIERZEE 10% (N> 3™
0.16%~0.35%, ZIERZjIHE 20% (N3 L EE)FT 30%
(N AbHE) 2 E k= 11.02%~20.89%, ANt fE 25402
(CKo) & k= 38.39%~38.74%; [Al—jiti& ~, LA
BLRATHE B 5.0 mv/s T2 5.5 m/s % 7 BRI AN
B2, BRI FINI, FNo FERETEANEN
R b, BARR AR 10%, 0™ 0.73%(Z 57
ANEZE), HE CK 7 1.22%, NAERTEANL K
1738 P 5 A 2 el it A B A AR AR X, AT A 35 e
TR AR IR

H#E 3 B AEY, 5 CK Lk, FINy Al FoN,
AP R PR R R R A E AR E . F— T
FER, BEEAERZERE F A& BRI RR
AR ) N RS, AR AR
SAEE IR 0.21%~7.84%, 0.95%~11.85%4
2.35%~18.56%; & S A F0 Tk 2 U] S0 1Y S PR

*4 RRRIGMA A XX IIERERE GRS

Fo [l —MELGAF T, VAT E 2 e A R
R R . KRR AN CATEE T EZAER
i EIE 20%~30%, 23 2 BRI = B
=, bR E RO, T ENEAR 2 [ERE 10%, #E
% E LR 17 B0 a2 UG B BR AL bR v A s R
(0.52%~1.27%) 1T $i F(0.98%~2.29%), JtH K47
T 10%45 6 BAKR 23R 10%(FN)IKIA R
e EAGE, WA BT 25 36 77 5 20 B IR 4t

2.2 fRAERA

AN ) B AR 24 T i A 2 7 2 SOkt g i
FRY 1577 V2 20 R B S5k S 35 7K T (3R 4) o SURE 7 B 2008t
A FIN3 Al FoNs ARFR, AR T HoAth b BB VA 2R
FEE 0.71%~10.62%. & B G RCRRAEN FIN,
1 FoNo AbEE, AHE T H A AL ER 1 15 2.29%~11.38%.
FACE R R R, AR ERYRIEEE. M
PP SEAE R — B AN CATHE R, BiaacR2

Table 4. Effect of N fertilizer and pesticide application methods on disease control

LA Sheath blight disease

FE M Green smut ZALUE Striped stem borer

LhER bR ]

GEEES

Wit ULLE(CIES

. % UREEEN . 5 UREEE SErE
Treatment plsease 1% Control effect ,Dl,s case 1% Control effect Dead sheath White head

incidence rate Desease %) incidence Desease %) (heart) rate(%)

(%) index rate(%) index rate(%)
FiN, 6.91+0.18 cd 0.97+0.02 ¢ 84.27+0.40 a 1.33+0.02¢  0.35+0.03 de 88.80+0.96 a 0.57+0.33a  0.13+0.05a
FiN, 7.45+0.08 ¢ 0.94+0.03 ¢ 84.64+0.48 a 1.15+0.15¢  0.30+0.03 ¢ 90.35+1.00 a 0.64+0.30a  0.13+0.06 a
FiN3 6.27+0.14 ¢ 0.88+0.08 ¢ 85.66+1.31 a 1.99+0.33 ¢ 0.47+0.04 ¢ 84.82+1.19 ¢ 0.69+0.12a  0.20+0.11 a
FiNg 8.94+0.49 b 1.414£0.16 b 77.07+£2.58 b 2.54+0.10b  0.57+0.02 b 81.65+0.61d 0.72£0.13a  0.25+0.12 a
F2N; 7.24+0.64 cd 0.97+0.03 ¢ 84.15+0.48 a 1.37+0.43 ¢ 0.36+0.13 de 88.3244.20 a 0.57+0.19a  0.16+0.05 a
FoN, 6.09+0.31 ¢ 0.95+0.04 ¢ 84.51+0.65 a 1.22+0.06 ¢ 0.33+0.01 ¢ 89.45+0.36 a 0.71+0.11a  0.17+0.06 a
FoN3 6.71+0.39 de 0.90+0.01 ¢ 85.35+0.18 a 1.97+0.44 ¢ 0.49+0.06 ¢ 84.2842.10 ¢ 0.83+0.21a  0.24+0.12 a
FaNy 8.64+0.44 b 1.46+0.06 b 76.29+0.87 b 2.59+0.17b  0.59+0.01 b 81.12+0.34 ¢ 0.94+0.14a  0.29+0.16 a
CK, 7.02+0.23 cd 0.98+0.05 ¢ 84.05+0.77 a 1.52+0.16 de  0.39+0.01 de 87.52+0.41 ab 0.57£0.19a  0.13+0.06 a
CK, 28.80+0.21 a 6.14+0.09 a - 9.25+041a 3.12+0.20 a - 1.03+0.49a  0.3240.18 a
F{H Fvalue 1132.10%* 1638.40%** 31.68** 236.03** 341.19%* 11.99** 1.25m 1.27m
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Sl A, 5 CK M ERARE; e
WFER, TAMEEH 5.0 m/s $2THE 5.5 m/s KB
BRI E . 4567783 3), M CK,
TE ML MBI 10%25 A ZNEAR 250 E 20%,
EBROE 80%LA L, {HEE IS 11.02%~ 11.32%.
Rl FaNo A7 TC AN ®AT I 5 A 24598
JitE e AR S, R B IA T RS 245 R0 = R =B R 4

o

2.3 6t SPAD &

AN TR B AR 24 T Jiti A B WL R &1 i SPAD i
SR 2 E KT (R 5). 5 CKi AL, FiNs Al FiNg
ACFRAE SRR, SCRES 15 d ARSI SPAD 8%
BB 4.07%~5.84% « 7.23%~12.19%F1 9.48%~
14.65%; T AHUIRIE 10%, 542 B I3 FaN3 A1 FaNy
4k # Gl SPAD fH 4 A K BE 4.26%~5.89%
7.85%~12.71%H1 9.91%~14.98%; FN;. FN, #ll
FoNi« FoNo #4bHESIH SPAD H5 CK, LR EER.,
AT, A — RATIEEE R, &I SPAD {HBE RN 245
IR TR E LR, HRA & R TR
£5 FIEKRHERSRHIGEFEEIM SPAD BRI

B, 1A —REZ AT, TANUEEH 5.0 m/s
FEFHZE 5.5 m/s X6l SPAD {HFZMAA 3% .
24 MEFIEY

FHER 6 A L, AN SeUAE A4 24 T i Ak B 2 5 2 i
HUAGEREH AR R H(LAD) . 5 CKy AHEL, FIN3 AT FiNy
Ab PE BT L SFORE KR EVHT LAL gy R BE
7.23%~9.57%- 10.51%~18.23%F1 8.65%~13.15%;
FEIE 10%J5, T R8N FaNs A FoNg
AEFR LAL 23 59 FBE 7.62%~10.55%- 12.32%~18.72%
A1 9.00%~13.84%. HHX}T CKo, FiN, Al FoN, 7E3K
T TR R Y LAT 23 7048 0 45.66%~45.95%-
50.26%~51.29%H1 46.88%~48.44%. FW[E—TN
BLURATIEE T, LAT Bl ZUIEAR 26 5 A2 B (1) 38 o v
TR, FEIE 10%45 5 FNER Z5E 10%(FaNo)HEE
He¥riim LAL
25 THIRIREESHIE

AN [7) BN A 24 T e Ak 3 6 3 AR I T
JRAR B K IE s AR B KR 7). 5 CKy
FHEG, RS SRR A, FiNs AT FiNg 4b

Table 5. Effect of N fertilizer and pesticide application management methods on SPAD value

G Y FHUE 15d ]
Treatment Full-heading stage 15 days after full-heading Maturity stage
FiIN; 4251094 a 39.46+0.97 a 30.69+0.18 a
FiN, 42.44+0.39 a 39.34+0.14a 30.45+0.64 a
FiN3 40.55£0.90 b 36.44+0.57b 27.31+£0.56 b
FiNg 39.80+0.55b 34.4940.26 ¢ 25.75+0.76 b
FoN, 42.17£0.33 a 38.94+0.42 a 3041+41.39a
F2N, 42.04+0.35a 38.77+0.67 a 30.27+0.92 a
FoN; 40.47+£0.46 b 36.25+0.32 b 27.18+1.01 b
FaNy 39.78+0.56 b 34.3440.12 ¢ 25.65+0.49 b
CK, 42.27+0.18 a 39.28+0.70 a 30.17+0.96 a
CK, 39.75+0.77 b 34.22+0.48 ¢ 22.56x1.72 ¢
F{H F value 12.57** 53.96** 25.37%*

*6 FBERAMAAXXVIEEH ERERZ N

Table 6. Effect of N fertilizer and pesticide application management methods on the LAI

I FAFE %X Leaf area index

R AR Efficient leaf area

AbER R FREH RS e RO TR HE TR T AR
Treatment Jointing Full-heading Maturity Efficient leaf Efficient leaf area
stage stage area index ratio (%)
FIN; 5.10+0.08 a 6.18+0.09 a 2.89+0.08 a 3.89+0.09 a 62.95+0.60 d
FIN, 5.05+0.02 a 5.87+0.27 a 2.85+0.02 a 3.84+0.10a 64.89+0.41 ¢
FIN; 4.7540.17b 5.45+0.14 ¢ 2.64+0.03 b 3.5240.10b 65.71+0.65 be
FiNy 4.63£0.05b 4.98+0.05d 2.51+0.16 b 3.34+0.17 ¢ 66.76+£0.29 b
FoN 5.07+0.02 a 6.11+0.22 a 2.90+0.04 a 3.83+0.15a 62.06+0.41 d
FoN, 5.04+0.23 a 5.83£0.20 a 2.82+0.10 a 3.7340.18 a 63.33+1.19d
F2N3 4.73£0.13 b 5.34+0.39b 2.63+0.18 b 3.48+0.23 b 65.36+1.31 ¢
FaNy 4.58+0.25b 4.95+0.21 ¢ 2.49+0.11b 3.30+0.15¢ 67.02+0.55b
CK, 5.12+0.12 a 6.09+0.19 a 2.89+0.15a 3.80+0.12a 62.50+0.20 d
CK, 3.46+0.04 ¢ 3.88+0.10d 1.92+0.08 ¢ 2.64+0.06 d 70.41+0.51 a
F{H Fvalue 61.82%* 36.02%* 32.20%* 20.58%* 39.79%*
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Table 7. Effects of N fertilizer and pesticide application management methods on dry matter accumulation and transport

b=

FHJFiF 2 Dry matter accumulation(kg/hm?)

TF¥) %312 Dry matter transport

Treatment PR FrAE P iz g
Jointing stage Full-heading stage Maturity stage Transport amount (kg/hm?) Transport rate (%)
FIN, 5171.19495.18 a 15585.97+81.49 a 19786.57+167.86 a 3538.68+79.12 a 27.39+0.41d
FIN; 5166.02£90.99 a 15578.02+92.12 ab 19760.21492.24 a 3526.66+128.32 a 27.44+0.85 d
FiN;3 4816.18+106.07 b 12791.72+159.86 ¢ 17467.83+66.32 b 3251.53+183.52 b 28.90+1.03 be
FiNy 4452.45+172.93 ¢ 11483.67+82.80 d 15684.20+36.01 ¢ 2989.52+160.61 ¢ 29.89+1.12 b
FoN, 5161.81x111.01a 15571.114£93.90 ab 19739.24+127.75 a 3509.87+73.80 a 27.36+0.55d
FoN, 5154.63+£91.73 a 15546.28+127.44ab  19734.48+59.99 a 3500.67+79.80 a 27.41+0.47 d
FoN; 4802.99+83.65 b 12759.74+81.61 ¢ 17450.93+20.13 b 3204.31499.14 b 28.62+0.65 ¢
FoNy 4438.80+73.40 ¢ 11477.43+76.99 d 15657.75+65.40 ¢ 2867.82+17.34 ¢ 29.0240.27 be
CK, 5145.28+81.41 a 15405.96+55.66 b 19663.94+49.79 a 3441.15+17.81 a 26.94+0.15d
CK, 3558.91495.83 d 8459.91+11.49 ¢ 11662.88+77.60 d 2467.78+11.68 d 32.63+0.19 a
F {8 Fvalue 75.64** 2087.74** 3146.91%* 36.67** 21.16%*

TP AR R 2 R B 6.40%~13.47% -
16.97%~25.46% F1 11.17%~20.24%; & A\ WL H2i#
10%Ji5, FaN3 Fl1 FoNg ACBRLESR T HA . SRR A i 2t
WM T A R =0 N 6.65%~13.73% -
17.18%~25.50%7F1 11.2%~20.37%, B 5 &%
HEES STV R RE K. ki, 5
CK #HEL, FiNa A1 FoNp A EAE SFREHA . A 2R
EAEE B CR) 7 N 0.40%~2.49%F1 0.18%~
1.73%, FTHEANE LS FIERZGRE 10%HE
KRR T AR 2R K i .
2.6 TEFAA

AN TR AR A 24 e it Ak 3 7 20k ML A g 25 st 2
Bm BB s3I B2 KGR 8). 5 CKy
FHEL, FiNs F1 FiNg bE R, R0 SRR
PR B R BN N4 4.99%~11.53%. 12.47%~
22.69%H1 9.35%~16.01%; #E# 10%)5, $KTTH.

*8 ARRAEAAXNMIIEERRNRSKTHFE

FH R AR R R E S T 7.83%~
13.52%- 14.06%~24.76%#F1 10.38%~16.51%. #HLL
CKy, 7EHATIH. FFRUH R, FINy 1 FoN,
B EMREERIERSHMNEM T 2.69%~
13.24%A11 0.85%~6.00%. [F—TE AWl CATHE T,
BRI R TR S E 3 B AR 258 P -

AN TR B AR 24 it Ak B 5 =206t 20 25 R R0k
HIs2M 2 (R 9). 5 CKyAHEL, FiNa Al FoaN, 4b 2
RIS S AR ISCR] FH 2 ISR R £y i
HWINT 12.48%~12.89%. 17.84%~18.75%- 1.86%~
2.30%. FEAEIREBEERGIN, FiNs FlF Ny 242 &
REIR ORI 2 SRR TTER 2 2 2 R R 17.79%~
21.13%K11 18.06%~25.05%, FHE—T AN ITIH
FER, BIRRAET= 7. B AR BORTEEE ZE AR 2595
EMRFEEIE N, FAERWOR H 23R R S 5 1%,
BB TR R b U EAR 2590 R % (R — R 2 b

Table 8. Effects of N fertilizer and pesticide application management methods on N accumulation and transport

e ZF PR N accumulation (kg/hm?) HE IS N transport
Treatment P R J Y sk s
Jointing stage Full-heading stage Maturity stage Transport amount (kg/hm?) Transport rate (%)
FIN; 75.37x1.71a 156.00+0.66 a 173.00+5.00 a 68.39+1.93 a 51.45+1.10 be
FIN, 73.44+0.39 b 152.55+0.60 b 170.3245.13 a 67.98+1.11 a 51.87+1.24 be
FIN; 66.97+0.75 d 127.08+0.55 ¢ 150.36+2.94 b 55.56+2.39d 52.38+0.91b
FiNy 62.36+0.96 f 112.24+1.01 g 139.31+4.32 ¢ 48.91+1.37f 55.52+1.31a
FoN, 72.07+0.55 be 150.25+1.48 ¢ 169.114£2.00 a 64.12+0.77 b 50.57+0.57 be
FoN, 71.09+1.01 ¢ 149.51+0.59 ¢ 167.42+6.09 a 63.63+£0.54 b 50.64+0.41 be
FoN3 64.97+0.52 ¢ 124.77+1.47 £ 148.65+0.65 b 51.86+0.63 ¢ 51.64+0.45 be
FoNy 60.96+1.84 f 109.23+1.91 h 138.48+2.01 ¢ 48.15+1.69 f 55.13t1.31a
CK, 70.49+1.11 ¢ 145.18+1.48d 165.86+5.88 a 60.03+2.27 ¢ 49.69+0.28 ¢
CK, 52.80+0.81 g 96.19+0.54 i 120.84+1.04 d 4327122 ¢ 56.98+1.00 a
F1H F value 125.52%%* 1070.60** 57.84%* 140.04** 24.40%*
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A AL FUETHSCR] 2 R TTHR S VER R
Treatment Partial factor productivity N use efficiency (%) N contribution rate (%) N harvest index (%)
FIN, 68.90+0.70 b 34.77+2.64 a 38.74+0.88 a 62.94+1.47 cd
FiN, 76.28+1.10 a 36.65+3.03 a 38.53+1.16a 63.00+1.71 cd
FiN; 76.37+0.15a 24.60+1.58 ¢ 30.86+1.10 b 64.42+0.93 cd
FiNy4 77.86+0.60 a 17.59+3.12d 22.19+1.59 ¢ 69.78+2.65 b
FoN, 68.51+0.71 b 32.18+0.64 ab 38.40+0.41 a 62.49+1.14 cd
FoN, 76.00+0.51 a 34.50+3.73 ab 38.29+0.37 a 62.73+3.02 cd
FoN; 76.20+0.53 a 23.18+0.33 ¢ 30.76+0.66 b 65.58+0.22 ¢
FoNy 77.66+2.39 a 16.80+0.92 d 22.28+2.41 ¢ 69.55+£0.58 b
CK, 67.57£0.54 b 30.01+£3.23 b 37.54+0.81 a 61.59+1.64 d
CK, - - 72.98+1.21a
F1{H Fvalue 327.85%* 28.23%* 30.07** 16.33%*

T, BANUEEH 5.0 mv/s 3272 5.5 m/s SR EF)

MJ/hm? F1 9816.92 MJ/hm?, CK, 755 1RE B AAH
BT HADANEE RN T 8.06%~12.33%.

FFEMAANE 2
2.7 REERA. FFH. FIRMERAEE

2.7.1 fe= NG~

ANTR) AT T T SO AR 24 el it Ak R AN T
KA A 2 b PR TE] S BE R ANAFAE B 35 22 7 (K
1-A)o PR QAT AL R RE BN E R Y2 A &
fszm, BURE SN E, AR . FINi. FiNa.
FiN3 F Ny b BLE B A N 3 CK 230 P 31.63
MJ/hm?2. 1050.22 MJ/hm?. 2071.49 MJ/hm?. 3099.26
MJ/hm?; #3E 10%)5, FaNi. FaNao FaNa. FaNg
TR AR CKy 4 W PEAG 43.98 MJ/hm?. 1067.68
MJ/hm?. 2089.20 MJ/hm?. 3111.19 MJ/hm?, £
AWIAEIHE 10%, R3S TAE R FR b 1 5538)
FIN - CKy FiT CKo A0 R S BE A 43 71 22835

A24000-b b a
: NEWR
2 £ \ = / S
AN E A B
K

0 .
FINi FINy FIN3 FINg BNy FoNp FoN3 FoNg- (K

HERFNGFEERRE 005 KPLEEREZE (P<0.05) .

e B H BRI 24 0 B AN R R S R B
#(E 1-B). FINy AbHBEE 7 iR, 15 293837.37
MJ/hm?, 5 CK; #HLE, FiN; fl FiNg Ab B fE &7
23 A% 31822.40 MJ/hm? (10.92%)F1 58566.67
MJ/hm? (20.10%); FoN3 Fll FoNy 4B GE & 7 H 45 3
FEAR T 32126.32 MJ/hm? (11.02%) F1  58992.27
MJ/hm? (20.24%), FIATE AN, FOA 250
B 20%~30% 3 FE T (1) R B 3k — 20 PR AR RE &
Ho 1 FiINis FiNo Fl FoNy. FoNo 40P R R~
5 CKy 20 B 0 0.66%~0.83%H1 0.54%~0.60%; i
HHTESEIE 10%45 A ZUEAR 25 W R E 10%(F2N2),
TE PR RE AN R R FER e B 53
REHE =

B 300000 a a a a a
HH N ele
250000 | e = )
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Different lowercase letters above the bars indicate a statistically significant difference at the 0.05 level (P < 0.05)

1 TEMTEE TRARBMATIRRBEERAAS

BRI (B)

Fig. 1. Total energy input for reduced N fertilizer and pesticide application at different flight speeds (A) and manual

management(B)
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Table 10. Differences in energy utilization rates of N fertilizer and pesticide application and manual management at different

flight speeds
e HraEE AERA IR A=AV

Treatment Net energy Energy utilization efficiency Energy productivity

(MJ/hm?) (MJ/MJ) (kg/MJ)
FiN; 271034.00+1497.99 ab 12.89+0.09 ¢ 0.45+0.01 ¢
FiN» 271560.84+1216.13 a 13.47+0.05 b 0.47+0.02 b
FiN3 238824.04+1523.66 ¢ 12.50+0.04 d 0.44+0.02 ¢
FiNy 213107.54+1404.85 d 11.80£0.16 ¢ 0.41+0.03 d
FN; 270359.41+1592.87 ab 12.86+0.08 ¢ 0.45+0.01 ¢
FN» 271206.13£1059.51 a 13.46+0.03 b 0.47+0.02 b
F2N3 238537.84+1110.31 ¢ 12.50+0.01 d 0.44+0.01 ¢
FaNy 212693.88+1552.54 d 11.78+£0.11 ¢ 0.41+0.03 d
CK, 268574.97+1619.00 b 12.76+0.04 ¢ 0.44+0.02 ¢
CK, 164456.23+1146.88 € 17.75+0.02 a 0.64+0.01 a
FAf Fvalue 2044.05%* 1469.88** 71.45%%

272 BEA R KE

FERl— R AN CATH T, FUIEAR 24 el it Ak 32
N T8 B0 UIE AR 24 b B 8] BE & ) FH 28CR A7 1E i
FERER10). FREEZAHEF R R HAHRNE
S, 5 CK M, FiN3. FINg S EEE D
HIFEK 29750.93 MI/hm?. 55467.43 MJ/hm?; FiN,
A FoN, AbEE A RE R CKy G0 T 2631.36~
2985.87 MJ/hm?. fgE I RCR 2 A EEH] RE &~ H
FIHRNEE S, 5 CKy AL, FINg A1 FiN,
Ab PR R BRI SR e T 0.97%~5.52%, Hig
T 10% /5 BE =R H BCRHE R 0.79%~5.47%. R
MR 10%55 5 Z L 25980 10%(FaN,), 7ERF
IRBAEMFER, REifheE. REEFHPCEMAE
P 770 ANEREE N REIK A E 20%~30% 58 [%
KT REEAN, HBER BB E 0D, 136
R A FH AR R R
2773 #HAN G

WK 2 s, SRR b AR
ANFETAFAEZE S SACFAAERHEN SRR, N
48.39%~54.96%, BEIRHAN HLLIRZ, A 32.06%~
74.44%. b, CK, &4 & HRIATIOG A, &
RER N L DN RETR (74.44%) > 575 77(10.68%) >
B (10.11%)> F1-(4.77%) A[F]KATHE T 477
BERL I g B BN N IE B (48.39%~54.96%) > fE YA
(32.06%~37.57%) > 55 3] 77 (4.70%~5.50%) > HL. ik
(4.37%~5.05%) > Fi F (2.05%~2.38%) > &K %
(1.19%~1.28%).
2.8 PELRREFEE

M 11 "mTa, A4 B WIRE 2GR &

KRB, TANBERT N eFEEAGHES A
THE CKy B —5, PPEE CKy Fsm T
1.61%; N, ¥ FEIEHER CKy 47T 15
kg/hm?, RZHETZ T 75.65 mL/hm?, =&
CK PN 1.41%; HAr, Nao Ny 2HE T ZUEA
KA E 8 CKy 54 T 30 kg/hm?~45 kg/hm?
Al 151.3 mL/hm?~226.95 mL/hm?, {H&E# CK|
IR T 9.68%~19.44%. MR W, T AMLEE
U No Kb3 AT SEHI A0 24 ek & R i) A =384 77, I8 A
R S TR I - Va0 v NV ES

FAFR ) AR AR L AR RE L VRIS AR Y
AL FAEREZERE 3). 5 CK M, TAHL
TR FE R AR PR AR PRI 956.93~1438.05 JG/hm?,
TEAWFEE 10%, KRG H BN T 8.96~11.26%,
{HBEE TAER Rk, 57 3 3N gb, e
WAL T 1231.12~1674.98 J0/hm?; 55 25 LA
FoNp Ab ¥ £ 5, A 8848.94 J0/hm?, FoNyRZ, N
8740.37 Ju/hm?, F=HEBN 514 1.49 F11.48,
B RS CKy #2750 T 22.32%~23.84% . % B TE AL
FEIE 10%45 & BAELR 250k E 10%(F2N, Ab3E), 7EFF
i 1383.16 Jo/hm? [ 4 7= B A [R] B BE A2 = 14U 2
23.84%, MWEITTAGISN )AL, AR 2 HhE
R 20%~30%, BlE A= BRI = H I FEAIG, 3L
e I B P2 SO T N N
2.9 HHXMSH

HE 4 ®/JH, F7&E 5 LAL. 8§ SPAD fi. T
MR R Hkizg., AFEHRERKiEE. 2008 H
MFE. BRSNS, ReE. feEAT .
PR AFEPE S PRI BN LRI R A O, 1§
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Fig. 2. Proportion of total energy input for N fertilizer and pesticide application and manual management at different speeds
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Table 11. Comparison of N fertilizer and pesticide application in machine-planted rice under UAV and manual management

with N and pesticide reduction

uhsm HARRERE ikt WA AR
Treatment Application rate Amount saved Saving percentage Range of variation
(kg/hm? or mL/hm?) (kg/hm? or mL/hm?) (%) (%)
Ny 150.00 — — +1.61
756.50 —
N, 135.00 15.00 10.00 +1.41
680.85 75.65
N3 120.00 30.00 20.00 -9.68
605.20 151.30
Ny 105.00 45.00 30.00 -19.44
529.55 226.95
CK, 150.00 — — —
756.50 — —
CK; 0.00 150.00 100 -37.54
0.00 756.50 100

Ni: AR N ZULRAGGERE 10%: Ny ZALRZALZEERE 20%; Ny ZHLRZ
CKo: AHAEZ; R rp-Pa7 B EARIE TE AN Fy (5.0 mvs)H Fy (5.0 mvs) K3 (ETHE

i

ZEAIRE 30%; CKp: AL#EMENERZ L

Ni, Conventional nitrogen fertilizer and pesticide treatment; N2, 10% reduction in total nitrogen fertilizer and pesticide amount; N3, 20% reduction in total

nitrogen fertilizer and pesticide amount; N4, 30% reduction in total nitrogen fertilizer and pesticide amount; CK,, Conventional manual nitrogen fertilizer and

pesticide treatment; CK,, No fertilizer or pesticides; The average yield range in the table is based on the mean of the UAV treatment F; (5.0 m/s) and F» (5.0

m/s).
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Fig. 3. Economic benefits of N fertilizer and pesticide application and manual management at different flight speeds
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Yield [igq ) 1.00 | 1.00 | 1.00 | 1.00 | -1.00] 1.00 | 0.99 |-1.00] 0.76 | 0.85] 0.75 | -0.77] 0.98 | 1.00| 1.00 | -0.53| -0.54] 0.96 1.00 0.64 1.00
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EE|® & © & @6 & ® & @ ® ® @ @ /05 054 095 -060
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PO . . . . . . . . . . . . ® . . PO 0.64 -0.80
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Yield LAI SPADDMA DMT DTR NA NT NTR NCR PFPN NUE NHI EI EO NE EP EUE PC PO OIR NI

=N

R EFORAE 0.05 Al 0.01 ACFAHRERE . Yield: 77&; LAL: HEBEH: DMA: TYRARE; DMT: THFisE; DTR: THEE
#; NA: HARMAR; NT: ARFEIEE; NTR: HEFZE,; NCR: ZULTHERE; NUE: LR, PFPN: ZUILHA™J5; EL: SEEEEHRA;
EO: Bel/™ii; NE: #fght; EP: A&7 NUE: RelFIHREE; PC: LA PO: A% H; OIR: 77 HIRALL; NI ikai.

*, ** indicate significant correlation at the 0.05 and 0.01 levels, respectively. LAI, Leaf area index; DMA, Dry matter accumulation; DMT, Dry matter
transport amount; DTR, Dry matter transport rate; NA, N accumulation; NT, N transportation; NTR, N transport rate; NCR, N contribution rate; NUE, N use
efficiency; PFPN, Partial factor productivity; EI, Energy input; ED, energy output; NE, Net Energy; EP, Energy productivity; NUE, Energy utilization

E

efficiency; PC, production cost; PD, Production output; OIR, Output-input ratio; NI, Net income.
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Fig. 4. Correlation analysis of rice yield and indicators
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