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Continuous fertigation technology automatically controlled by light intensity
for sweet maize production in Erhai Lake Basin
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Abstract: [ Objectives ] In Yunnan’s Erhai Lake Basin, maize growing season coincides with the rainy season,
conventional fertilization leads to heavy nitrogen leaching and causes serious non-point source pollution. By
means of the existing drip irrigation infrastructure, we tried daily fertigation scheme characterized by low-dose
water and fertilizer amount during the heavy rainfall period. [ Methods ] Field experiments were conducted over
three consecutive seasons in the Erhai Lake Basin from 2023 to 2024, using sweet maize as the test material. In
the first and second seasons, the controls were set at the traditional nitrogen (N) application rate of 400 kg/hm’.
The treatments involved reduced nitrogen fertilizer rates under 17 and 30 fertilization practices, respectively, and
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the optimal nitrogen application rate range was proposed. In the third season, the optimal nitrogen application rate
range was further refined according to the daily N absorption of maize, and fertigation was automatically triggered
when the light intensity was greater than 10000 lux. The fertilization frequency was recorded, and investigations
were carried out on sweet maize yield, nitrogen uptake dynamics, nitrogen use efficiency, and residual mineral
nitrogen in the 0—60 c¢m soil layer. [ Results ] In the first season, there were no significant differences in maize
yield under nitrogen application rates ranging from 200 to 400 kg/hm®. The nitrogen uptake process of sweet
maize conformed to the Logistic model, with a peak nitrogen uptake occurring 35—53 days after emergence, a
daily uptake rate of 3.38—4.03 kg/(hm*-d), and a total nitrogen removal of 142—152 kg/hm’ over the entire growth
period. In the second season, the N application rate was reduced to 180 kg/hm’, and the fertilization frequency was
increased to 30 times, resulting in a comparable maize yield to the controls, but a 60% reduction in N losses and a
1.2-fold increase in the apparent nitrogen use efficiency. In the third season, the 180 kg/hm* of N rate was evenly
divided into the daily requirement and applied with a minimum water volume of 4.5 m’/hm’ every day, except on
rainy days, and a total of 35 fertigation events were recorded. The scheme significantly enhanced maize dry matter
accumulation, yield, and N use efficiency while reducing nitrogen losses. Comprehensive effect analysis revealed
that the highest comprehensive score was achieved at a nitrogen application rate of 120 kg/hm* under a scenario
where the weights of yield and environment were at 1 : 1. [ Conclusions ] The optimal nitrogen application rate
for sweet maize in the Erhai Lake rainy season is 120—180 kg/hm’. Sweet maize exhibits a distinct Logistic
cumulative pattern of nitrogen absorption, with the peak absorption period concentrated between 35 and 53 days
after emergence, reaching a rate of 3.38—4.03 kg/(hm’-d), accounting for over 70% of the total nitrogen uptake
during the entire growth period. By reducing the nitrogen application rate from the traditional 400 kg/hm® to
120—-180 kg/hm* and utilizing automatic, small-dose, high-frequency drip irrigation triggered by light radiation
intensity, the inorganic nitrogen content in the 0—20 cm surface soil can be significantly increased while
maintaining yield. This approach notably improves nitrogen use efficiency, reduces apparent nitrogen loss, and
represents the optimal nitrogen management technique for sweet maize in Yunnan, balancing both yield and
environmental benefits.

Keywords: Erhai Basin; high-frequency fertigation; nitrogen application rate; nitrogen use efficiency;
sweet maize
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Table 1 Basic physical and chemical properties of soil

+ 2 (cm) HHLIE (g/kg) F 5w (mg/kg)

HELH (mg/kg)

&S (mg/kg) AR (mg/ke)

Soil depth Organic matter Available P Available K Nitrate-N Ammonium-N pH
0—20 57.3 65.2 175.4 67.4 13.5 6.1
20—40 284 254 82.3 22.3 11.7 6.5
40—60 17.1 8.5 43.7 14.2 8.6 6.7




1046 R R R L S 2%

IFE] A 3 iU 72 kg/hm?) TG W0 135 (i 8 B
108 kg/hm?), T5 1 T8 AbF ity A i 1] Jhy P 309 (i 2L
it 21 kg/hm?) . $15W) (AU i 30 kg/hm?) . MWL
] (it A i 42 kg/hm?) . 221 (i & i 48 kg/hm?) Fl
T (U 39 kg/hm?), Hi T8 AbHAY FAEAE 4K
AL WU A 22 3 T U A 43 T Y i
FHo EFXF 6—10 F BF5E X TR AT & R, BEE
THETOCIAN R A SR AE R (Tn). 24K
KPVEEH B 8—10 SRR ENEIE: KT 17 lux
WA WG R, HEATHIAE ;. RZHFIWEN AR, AN
B, RSB R BEAE B AR, 3 IR T 8
PER AT AL SN . 5 1 2 RIS, K HERA
HE B A S 2 20 BE 3 17 F 30 WRHEAT I . AEER
3 FRI0 Y To AL, FETRTMZRI T E KA R W)
WORL AT H BRI, 3 B R A S 4k e A
R B B DR 1A i A e FH 104 A AR — Uk PR i, 9 kit
HELL 4.5 m*/hm? (145K B i e AL RIS i ik 2 AR
Xo 3 ZRIRTE F—e HEA T, AR Z R A B )
ANKBEEH LI 3, 3 Zei g ¥ 15 i AN it AE Xt e Ak
B (CK).

3FAW BN EL 3K, 151 /hIX,
BA/NLK 8m, 8 9m (FF 72 m?), RBEHLIX
HHEH, P E RGBS AR SBS902™ | Fivie %5
61500 Bk/hm?, ZE%E 90 cm, %L 40 cm, ZE[H7E

i, —Z8P4T, BRIEFFTEE R 25 cmx40 cm. H4TE
KERRE—Z5THENY , TVER B4R 16 mm, LI
4 1.38 L/h, JRFLIAIEE Jy 20 cm. FDR I 1% s
P THE - 3EER2 15 om AL BOAR IX BT, T W
T2 HHORE MG K E WA, il H IS i R
B, RN M BERR —AUE, BRI MERARER, [k 3 Fh
NE AR TE AN 7] £ s AT V5 Ak ) 38 A 4% 19 6T oz 1 i JES 3
HEUATEA, A ARG IR Ay 2t . 3 B EK
A E I Y R | R TR DA B AR K R L
K1,
1.3 #HmRESNE

R | B4l et . . Rimim
W5k, RE/NX B S RRog A bRt T A B i
H5EAENE ., 25 TR /N BEHLR B
SRRFES:, HERERL o SRR S 2 P A, PRI B
J5 B TH 105°C A% 30 min, SRJ57E 80°C FHLE
T, PR, RS, 115 LT
i, AR R ST RS, A H,80,~H,0,
HAE, RAPEMEIIRENEMkSA T, RH
BUATR S L (0 I 2B & i, SR BB
D5 A4 B, B/ XORAE 120 BEEOKRIGRTE, R
i, ARPEAE R, TR

TR, 8RR EE 0—20. 2040
1 40—60 cm + 2By T IEAE AL T R IREAE S

®2 3INERFHREELBR

Table 2 Some information for the three maize growing seasons

A A Gk H 19 AR Kok T AL R EL
K57 Season Transplanting date Harvest date Duration of Rainfall Irrigation Number of
(y/m/d) (y/m/d) growth (d) (mm) (mm) fertigation
517 st (20234F4 % Spring of 2023) 2023/05/27 2023/08/05 69 284 37.5 17
2275 2nd (20244F- 452 Spring of 2024) 2024/04/09 2024/06/025 76 126 65.5 30
2375 3rd (20244F- 2 Z& Summer of 2024) 2024/07/10 2024/09/22 74 437 15.0 35
*3 TEIFAEEAFLE
Table 3 Treatment details of the trials in different seasons
i AL P N rate treatment (kg/hm?)
ECas - : ‘
Scason fEgepi WAL B WAL 2 WAL 33 X AL
Conventional rate Reduced fertilizer 1 Reduced fertilizer 2* Reduced fertilizer 3 Control
H17R 1st 400 300 250 200 0
%527 2nd 400 270 180 120 0
%537 3rd JEHEATIR Fertigation frequency
5 2 n 8 0

e SRR A EE

Note: * indicates that the reduced fertilizer treatment 2 was the optimized N rate treatment.
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Fig.1 The temperature, rainfall, and test soil volumetric water content during growing season of maize
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Fig. 2 Effects of different nitrogen fertilization rates and frequency on dry weight of fresh maize

H: CK—AHEME; T2, T5. T8, Tn4ruFomENEr 2. 5. 8. n UGB, #F EARF/NG FREFRIRAb IR 22 5 3% (P<0.05).
Note: CK—No fertilization; T2, TS, T8, and Tn denote N top-dressing treatments with 2, 5, 8, and n split applications, respectively. Different

lowercase letters above the bars indicate significant difference among treatments (P<0.05).
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Fig. 3 Dynamic changes in nitrogen uptake amount and absorption rate of sweet maize in the first season
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FEAK 9.6%. 55 3 Zefti AEAT 00 2R B, Bt NE A5 Ik
Hpn, pra RS 5 S O CAL R (NS) A1
b, EALRE (Tn) R385 T 31.7%.

51 2 R, B A ELIHA R
FEMB I3 94.0 F1 231.0 kg/hm?, 7E55 2 24k
e, Jiti R 180 kg/hm® Kb FH A A R R
92.2 kg/hm?, FAL S it A AL HL IR 2 FRAIK 60.1%, 7F
HH A K F (180 kg/hm?) T, [ 25 Jiti AT A5 v g 34t
i, REFRMMKE R E TGS, T2, T5. T8,
Tn 20 PR 2R TP K 55051 269.6. 200.2,

200 r #5378 Season 3
a
£
150 f b .
c
d
100 f _T
L e
¢
1
50
0 1 1 1 1
T2 TS5 T8 Tn CK

E 4 %2 ETRERABME 3 TR ERTIEHENFM
Fig. 4 Effects of nitrogen application rate in the second season and fertigation frequency in the third season
on nitrogen uptake by sweet maize
E: CK—AMAL; T2, T5. T8, Tn /MR %&HLs 2. 5. 8, n Wi, A EARVNEG FRFIRABEN 225 B3 (P<0.05),
Note: CK—No fertilization; T2, TS, T8, and Tn denote N top-dressing treatments with 2, 5, 8, and n split applications, respectively. Different

lowercase letters above the bars indicate significant difference among treatments (P<0.05).
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Table 4 Effects of different nitrogen fertilization rate and
frequency on nitrogen use efficiency of sweet maize

ReeE b FUIRRERER AR ARIUR S
Season Treatment (kg/kg) (%) (%)
1% Naoo 48.1+2.5a  32.5%¢6.1a 77.9+6.1 a
Seasonl 425451b  194439b  56.3£39b
Ny 356£12¢c  21.4£1.6b 51.7£1.6 b
Naoo 23.7+1.6d  14.6£32¢ 37.3432¢
Ho% Nizo 69.249.2a  32.0:6.6a  103.3%6.6a
Season2 N 60.4£6.9a  31.6+2.1ab  79.242.1b
Naso 39.1424b  24.8+13b 56.5:1.3 ¢
Naygo 23.1£15¢  143£21c¢ 35.742.1d
$3% T2 16.0£3.4d  11.7+4.2d 52.4+4.2d
Season3 15 285+7.1c  21.0+12¢  6l6+l12c
T8 46.7+6.8b  32.1x0.7b 72.7+0.7 b
Tn 59.5+4.8a  42.9+5.2a 83.55.2a

H: T2, TS5, T8, To/MildonEAL2. 5. 8. nikibitE. [AF1%k
FRAR NG F R W) — 2R AL BRI 22 53 035 (P<0.05).

Note: T2, TS, T8, and Tn denote N top-dressing treatments with 2, 5, 8,
and n split applications, respectively. Different lowercase letters after
the data in a column indicate significant difference among treatments in
the same season (P<0.05).

154.8 i1 141.6 kg/hm?, AR &4t iR AL BE Tn 301558
AbFE TS G ZEREAS 29.3%.

AT R B, AR 120 kg/hm? 2 FTH
Iy, BERTEGAE GES5); AR 180 kg/hn?
A FRZEAIS/05 N120 AP G 525 57, RFE R 2

800

- E 40—60 cm
~8 O 20—40 cm A

< T
%)_é 600 b 0 0—20cm AB
5 B
g BC ?
E 5 400 ? *
Bk g‘) T I C
ok B
=E 200 L] |a

5 b
:é £ b

= <

0 1 1 1 1
N120 N]SO N270 N400 CK

TAEGEAL EAL B . £E5 3 Tk, mE AL
(Tn) AL B ZE 4R 7o . FERARMBL, ZREH
oyhei, SAEGUEAE 5 WAL B 2S5 3 .

3 ifie

3.1 FEREGENRERAE

T 2 VR B il 280 o A S IR s 7 5 B
J g RUE B A% 0 [ R it A - 398 4 ORI o3 o
LS S TR U R NN E-b/ TN 0 S5 K 3
R EARE, HI, &G A RN LES IR
AT R AN AT 3RSt 2 it DL B XS R BE 7R 4 g
J1o BRI RWT, T K 0 S5 4 it S0 R Ah
B AR K AR S . Chen SF2 WY
N, TERRERE I ERA T, A&y 256 kg/hm?
W, P AlA 14.2 thm?, RSN 8 kg/hm?,
YRS i A 2 400 kg/hm? BB THA R, 20
SEABAINE 140 kg/hm?, FREXS BE FA. 5
T ERAR LY, K # R A (29 70~
80 KX) N oE RIS AR, HFR TR SR B R
W S S s b e, R IS B A A A P oK A it
RIEFAE . Zucareli FEPMFT AL, FESH EKFP 74
e, TR (Ve) BlAEAL 120 kg/hm?® 1] 3R A5 A
F IR RL R 1 i . Woodruff S 5T
LW, MEZ 112 kg/hm? 0] 52 B T K A9 fe i sl 25
A i, Ak E R B A 224 kg/hm? I
B RO A A AR S R AR R
M, T 11.2~12.0 t/hm? (77 5KV B8 T

600 r

A

I A
400 ) ) ? T
200-& ? Ja_ C
: =

C

T2 T5 T8 Tn CK

5 TREIEEEFSALETAELELRY FSENRAE
Fig. 5 Mineral nitrogen accumulation in soil layers under different nitrogen application amount and fertigation frequencies
E: CK—AJEAL; T2, T5. T8, Tn JpilRm&AEsr 2. 5. 8, n B, KR ARR/NEG RIS FEE35 378 0—20 Fl 0—60 cm 42)Z4b

B jE] 22 5 2 (P<0.05),

Note: CK—No fertilization; T2, TS, T8, and Tn denote N top-dressing treatments with 2, 5, 8, and n split applications, respectively. Different

lowercase and uppercase letters in the Fig. indicate significant difference among treatments under 0—20 cm and 0—60 cm soil layers, respectively

(P<0.05).
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Table 5 Effects of nitrogen application rate and fertigation
frequency on sweet maize yield, apparent nitrogen loss,
and comprehensive evaluation

R AR eI

Earyield Apparent N loss Comprehensive
Season Treatment

wed AbH

(t/hm?) (kg/hm?) score
H1% Nay 2584052  303+122b  032+0.04a
Seasonl = 268:13a  21.449.7b 0.37£0.07 a
Nyy  268+04a  33.144.8b 0.3240.02 a
Nuo  25.6£0.6a  94.0+13.0a  0.01£0.01b
% Npo  243:11b  129+3.7d 0.42+0.04 a
Season2 o 267+12a  922437.7c 0.29+0.09 a
Nosy  26.6:0.6a  161.0:482b  0.14=0.10 b
Ny 252+0.6ab 231.0+15.1a  —0.03£0.02¢
$3% ™ 15.440.6d  269.6+51.6a  —0.17+0.02 b
Season3 5 176413 ¢ 2002+63.4ab  0.01=0.10 b
T8 209+12b 154.84363b  0.16:0.13a
Tn  232+09a 141.6£8293b  0.2240.11a

H: T2, TS5, T8, To/MildonEAL2. 5. 8. nikibitE. [AF1%k
RN NG TR W) ZR A BRI 22 5 3 (P<0.05).

Note: T2, TS, T8, and Tn denote N top-dressing treatments with 2, 5, 8,
and n split applications, respectively. Different small letters after data
in the same column indicate significant difference among treatments in
the same season (P<0.05).

AW 26.9 thm?, XEWEEL &7 ® BT,
T L ) i 2R B T e T R N A T o T SR DG 3k
R, HitEOK SIS A E R 120~ 180 kg/hm?® *1,
PIIE, S OR B, EE ISR S XU i 1 Y V6 3
BCRH 180 kg/hm? YA IR . 2, #7 LAl AR
AW i ST, AR PRE T, 120 kg/hm? Jife
R R A A e . P S5 RS R EIE 1k
IR, P RUIEE T HARAE P S AEY A
KB Bt i /4, &SRR R m A S
IS A G DI ) 2 Jre B AR
3.2 BEMEHTHERREEERRE

A H AR ZE kA 5@ IR 5K A i H
FHOEE29, FEREN R FRE RS, MRFENBE +
R KRE I, A A A 23l kB U AR I K
B, AR TE IR 5 Yy i B YR, AT R,
WK RS SRR TR, R
T B R AT IR TO RN 2 A5, s H SR AU R R
MUK SRR AE . ek, @i EORAF W% (70~80
R), FordRmERHED, WAEMEXEE, X+

Wy il Sh U . FEMLTR BT, it IR A B A b
AR B BT A1, AL G SRR RL R 9 2
FREY, R EELL ST R AT . &
S B I R Sh A AEMEVC L, A7 7E R A 1 )5
R R AU ASBIE G ) AR R B IR R
W&, FEE 1. 2. 3T 17, 30, 35 KM AN
WAL , XA R TR EOR R, i R
FEAR T 0 LS /A B3R g R . AR5 R
MR BT R GATT R “ShEANTER |, 1%
SRR ORI RN, ST AR AL
i 55 ORI R B AL
JEHOEEE G “BERAAE” SRns, R H A =L aA
R R R ARG L BRI AROSOR A B
BU A Y it A 0 R A i A Ao 1 11 0 s 2 R
o X5 E N AMESC B R — 3, BRI Ui e
JE R XA T PERETR L S ER IR AR 5 A W IR A
) B SRS

FER ok 5 EoK B IR AT, HE
XRS5 53 W WAL i) Tz DTk, R T AT RS &
RIRR ARG =0, LR A 2 ZE I RE AN
NE kA% Y 2 A, PRI B s I K 3B A B v T
WA . AR KABEC E, DA R i i K S 80
REMI . TEFEMIE X, A T 3h 2594 32 e 2
AR, AR R ZOKIE — R bR oR ke, S
FHAEE H AR S N
R et AR E) A P RECT . ARHFIE R, fER R4
T, FREHEM R g B K E AT HIE 15 mm A
A, BERT R AR 26 T oK, SURE T R A R K
BN 51 K AR AN RIS KU o B SR I I K it
HE” S, A3 Bh TR e TR AR IR PRSI R
YEYCAERSR . IR KATIE . R, %R
PFFE LT RBR . o, A 7R Rl Y 7K 43 g A
S RS KR, AT RERS I 4 S S AR R P
W, JUHAEE R HEREIX, DR B W gk 2248 AR
Uig, FEAERS BUSGHE A KIS E , PRI e 4
Rk BMRIX, X —id 8 AT e 20 PR K e
A, ABFFELL B4 8. 00—9: 00 AYYGHRSE FE1E N
N N 2 Ved 7 & i A UE - S eI g G N A
D5 AR SEBR N F e REAEAE IR 25 . ARSRAFSE il 455
SRR H S8 5 OG5 A 280 S 850, 4 it A s
B o A ARSI, DA T 5 it S 54 s ) o 8
HiE M. A, KRBT R Z FELAR, D
I8 UE 12t N SR s (R AR, , I DA ek kit i 7 —
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