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& — ~ BEER R ERAR(A) - BERKAET(B) ~ BEAR S 2 EUK AR &E5HC) -
Fig. 1. Smart irrigation system main console (A), ultrasonic water level gauge (B), and a
solenoid valve motor with a water flow meter (C).
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Fig. 2. Operation screen of the smart irrigation system's on/off water control (A) and the
setting screen for the water level gauge (B).
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(=) RSEEH

FHfE A TR B DL G HE 39 5% & AR H (12-18-12-10 (B 1E) 20 kg/0.08 ha) -
BE 71 b 58 (B2 /% 0 butyl (R)-2-[4-(4-cyano-2-fluorophenoxy)phenoxy]propionat » 82.5
ml/0.08 ha» Z&EEE D AIE/AE]) ~ fHH=(3-(2,2-difluoroethoxy)-N-(5,8-dimethoxy
[1,2,4]triazol o[ 1,5-c] pyrimidin-2-yl)-a,a,a-trifluorotol uene-2-sulfonamide’ 82.5 ml/0.08 ha
EZEEIGH AR A 5]) Bl ot (Camillia oil meal » (N- P,Os- K,0)3-1.5-2.1-90(F
'H) > 10kg/0.08 ha » = KRE )P /ATESIR -

{THREE 30 cm * 21 em WY ZZ AL - RIEIULHERS 4 2 5 RIGFGHE TR
H o WorRl a4y 12 ~ 26 ~ 55 H » DUREL #4155 —2JCGERE(21-0-0 » B RE)
DIRA % $2 5t FH 25— 2B (21-0-0 B2 7 ) ~ AR e 42 (21-0-0 2 7 o) K2 S8 E£1(0-0-60
FE& A ) Tt PR HE o Feh AR R A T RSO R B > A UHE AT — 2 BB K > URERA
AETEEAUE] - B— SRR & F I A - S— B 100 #k -

T ARHErmEHE(kg/hd)
Table 1 . Nitrogen application rates (kg/ha)

First dressing Second dressing Panicle fertilizer
Cultivar N ITI (N) CP(N) ITI (N) CP(N) ITI (N) CP(N)
80 16.7 16.7 18.24 17.81 18.24 17.81
120 30 30 32.76 32 32.76 32
TNG71
160 43.3 43.3 47.29 46.19 47.29 46.19
200 56.7 56.7 61.92 60.48 61.92 60.48
60 9.42 9.42 10.29 10.27 10.29 10.27
180 33.85 34.76 50.72 52.09 33.65 34.55
TN11

260 56.35 57.86 84.57 86.84 56.35 57.86
340 78.95 81.07 118.42 121.6 78.95 81.07

*|TI: Intermittent Irrigation ; CP: Conventional Practice
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Fig. 3. Daily water level datafor the 1st crop ITI and CFin TNG71 and TN11 fieldsin 2021
and 2022.
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R ARG E B BB TR BRR BN S I F AR S B K & - S0EKH
8 R H B EREREL
Table 2. Total irrigation water usage, flooding days, re-irrigation days, and number of
irrigations for each crop and variety under alternating wet and dry irrigation and
conventional irrigation

Irrigation Nurmber
Year Crop Variety Irrigation \l:vate; F SOd!Sng Re'g' gztl on of
g?m &y &y irrigations
(m°/plot)

ITI 109.5 75 7 11

TNG71
1st CP 166.3 89 2 38
crop ITI 106.8 73 4 19

TN11
CP 159.4 89 2 37

2021

ITI 82.7 57 4 14

TNG71
2nd CP 206.2 79 2 39
crop ITI 151.3 54 5 15

TN11
CP 187.8 78 2 37
ITI 92.8 73 6 8

TNG71
1st CP 207.4 80 3 15
crop ITI 80.0 71 5 7

TN11
CP 242.0 80 3 17

2022

ITI 815 66 3 14

TNG71
2nd CP 374.1 82 2 35
crop ITI 131.1 64 3 14

TN11
CP 376.7 81 2 35

N ERECERERHNENRE

PR G ERANE To- 8 )\ AR © 2021 40 > Bt 71598 £ —HfFd > SiEm
S LR RIRIE  AE ZHAME iR holE R — B E R (A0 1) - AR s =05
"Gt TL 8 E AR o R N HVADRIE PR S R R B TR AR - BT
R N e R HE R B AR B ZE Y 28I IR @ ESAE A - BT MRS HC R ERE
Tz AEER AR » TERCRHRER 71 - —HIfREYIET TR T N200 pRER4H AR S
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Fig. 5. Plant height of Tainung 71 under ITI and CP treatmentsin 2021.
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Fig. 6. Plant height of Tainung 71 under ITI and CP treatments in 2022.
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Fig. 7. Plant height of Tainan 11 under 1Tl and CP treatments in 2021.
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Table 3. Yield components of TNG71 under different water management treatments in 2021

TNGT1 N Rat 1st CropG - 2nd Cror()5 -
e FR GW i FR GW i

Treatment N CN @ ke ™ N ) @ kgha
NO) 21 442 77.6 272 4229 17 456 856 240 4177

N@80) 18 438 738 285 5024 19 478 757 254 5235

ITI  N(120) 22 471 703 275 6194 20 399 875 269 4824
N(160) 23 465 67.4 289 6305 20 444 854 246 4225
N(200) 27 469 680 280 6503 26 504 755 240 4751

N©O) 19 370 920 283 4557 20 449 863 243 3870

N80) 26 400 893 266 5638 22 425 844 261 4970

CP N(120) 26 432 876 249 6048 27 451 794 261 4736
N(160) 29 410 891 260 5824 26 469 802 246 5682
N(200) 34 491 708 255 5548 27 452 775 265 5551

*|TI: Intermittent Irrigation ; CP

Number per panicle ; FR: Fertility ; GW: 1000-grain weight.

: Conventional Practice ; PN: Panicle Number per hill ; GN: Grain

R ~ 2022 FE 2 TLSRINAEK a2 SRR
Table 4 . Yield components of TNG71 under different water management treatments in 2022
1st Crop 2nd Crop
TNG71 N Rate FR GW Yied FR GW Yied
Treatment NN @ g N N % @ kgha
N(O 20 446 898 234 4511 20 450 843 251 5546
N(80) 20 443 853 247 4752 16 39.6 875 275 4830
ITI  N(120) 26 469 838 235 4772 15 413 86.1 26.7 4617
N(160) 24 447 858 235 3331 17 456 846 246 5976
N(200) 33 673 625 203 3700 22 514 732 243 5236
N@O) 18 431 903 243 6747 21 504 830 224 4953
N(B80) 24 434 842 253 6752 21 447 814 258 4097
CP N(120) 26 525 717 236 6467 22 446 832 254 5256
N(160) 26 495 779 237 6587 25 462 824 241 4878
N(200) 26 516 715 240 4586 27 532 719 239 5369

*ITI: Intermittent Irrigation ; CP

Number per panicle ; FR: Fertility ; GW: 1000-grain weight.

. Conventional Practice ; PN: Panicle Number per hill ; GN: Grain
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Table 5. Yield components of TN11 under different water management treatments in 2021

TN11 N 1st Crop 2nd Crop
Treatmen FR GW Yied FR GW Yied
Rate PN GN PN GN
t (%) (9) (kg/ha) (%) (9 (kg/ha)

NO) 19 384 936 27.7 4386 16 415 905 253 3808

N(6O) 22 378 93.6 280 5849 16 416 904 252 5500

ITI N(180) 20 385 934 275 779% 20 456 795 253 5877
N(260) 25 435 880 254 8081 16 455 766 263 5761

N(340) 28 443 824 261 7335 19 536 685 241 5157

N(O 20 374 943 283 6259 13 438 869 245 3670

N(@6O) 24 375 950 280 5946 17 487 817 232 3720

CP  N(180) 29 432 87.7 256 8276 18 410 865 259 5240
N(260) 26 463 841 246 8763 22 434 864 248 5475
N(340) 27 481 789 260 7830 17 434 844 253 5693

*|TI: Intermittent Irrigation ; CP : Conventional Practice ; PN: Panicle Number per hill ; GN: Grain
Number per panicle ; FR: Fertility ; GW: 1000-grain weight.

TN~ 2022 F 5 1 SRAEK T T 2 R E R
Table 6 . Yield components of TN11 under different water management treatments in 2022

TNI1 1st Crop 2nd Crop

Treatment N Rate PN GN FR GwW Yield PN GN FR GwW Yield
Y% (@  (kgha CONN(*) (kg/hay

N(0) 15 380 946 264 6189 17 436 885 242 6081

N(60) 24 400 915 257 5926 19 439 811 262 5022

ITI N(180) 24 441 848 240 5955 19 441 865 245 5925
N(260) 25 430 857 253 6185 19 489 779 240 6024

N(340) 25 463 783 252 4610 22 429 881 242 6254

N(0) 18 431 903 243 6747 16 413 879 259 6582

N(60) 24 434 842 253 6752 15 414 890 257 5598

CP  N(180) 26 525 717 236 6467 19 470 802 246 6025
N(260) 26 495 779 237 6587 19 46.1 805 247 6181

N(340) 26 51.6 715 240 4586 21 46.1 811 246 6647

*ITI: Intermittent Irrigation ; CP : Conventional Practice ; PN: Panicle Number per hill ; GN: Grain
Number per panicle ; FR: Fertility ; GW: 1000-grain weight.
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Fig. 13. Daily air temperature during the 1st and 2nd cropsin 2021 and 2022.
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Fig. 14. Daily rainfall during the 1st and 2nd cropsin 2021 and 2022.
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Table 7. Significance P-values of the effects of Crop season, Irrigation, and Fertilizer rate on

each yield component of TNG71
PN GN FR GW Yield
Crop season ns ns ns ns ns
[rrigation ns ns ns ns ns
Fertilization *okk *x *xk * ns
Crop season
X ns ns ns ns ns
[rrigation
Crop season
X ns ns ns * ns
Fertilization
[rrigation
X ns ns ns ns ns
Fertilization
Crop season
X
[rrigation ns ns ns ns ns
X
Fertilization

*(ns:P>0.05; *:005>P>0.01; **:0.01>P>0.001; ***: 0.001 > P)
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Table 8. Significance P-values of the effects of Crop season, Irrigation, and Fertilizer rate on
each yield component of TN11. (ns: P> 0.05; *: 0.05>P >0.01; **: 0.01>P >
0.001 ; ***: 0.001 > P)

PN GN FR GW Yield
Crop season ns ns ns ns ns
Irrigation ns ns ns ns ns
Fertilization il *x *x ns ns
Crop season
X * ns * ns ns
[rrigation
Crop season
X ns ns ns ns ns
Fertilization
Irrigation
X ns ns ns ns ns
Fertilization
Crop season
X
Irrigation ns ns ns ns ns
X
Fertilization
*(ns:P>0.05; *:005>P>0.01; **:0.01>P>0.001; ***:0.001 > P)
& G
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Effects of intermittent irrigation treatments on
growth characteristicsand yield of rice varieties
TNG71and TN*

Chi-Shiou Kuo ?, Yi-ChienWu >
ABSTRACT

This study aimed to evaluate the applicability and sustainability of intermittent irrigation
(ITI) in Taiwan's rice cultivation and to compare its effects, under different nitrogen
application levels, on the physiological traits and yield components of two mgjor cultivars,
Tainung 71 (TNG71) and Tainan 11 (TN11). Field experiments were conducted in 2021 and
2022 with two irrigation treatments—intermittent irrigation and conventional continuous
flooding—using a smart irrigation system to precisely control water levels. Measurements
included plant height, leaf chlorophyll content (SPAD), panicle number, fertility rate,
thousand-grain weight, and grain yield. The results showed that ITI did not suppress plant
growth; rather, by improving soil aeration, it produced slightly shorter plants than continuous
flooding, thereby reducing lodging risk. Leaf chlorophyll responses differed by cultivar:
TNG71 was more sensitive to irrigation and nitrogen levels and performed best under
moderate nitrogen supply, whereas TN11 consistently maintained higher SPAD values across
treatments, indicating stronger nitrogen-use efficiency. In terms of yield components, both
cultivars showed increasing panicle and grain numbers with higher nitrogen levels, but under
high nitrogen, ITI frequently led to reduced fertility, limiting further yield gains. Nevertheless,
TNG71 maintained stable fertility and higher thousand-grain weight under I1TI, allowing it to
sustain good yield performance under water-saving conditions, while TN11 exhibited reduced
grain filling under excessive nitrogen, indicating higher sensitivity to over-fertilization.
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Overall, ITI demonstrated advantages in water saving, methane reduction, and maintaining

yield performance, while enhancing root-zone conditions and nutrient uptake efficiency.
When combined with smart monitoring technology, ITI shows strong potential for broader
adoption. Future work should integrate carbon-footprint assessment, climate-risk adaptation,
and precision-irrigation decision frameworks to establish localized, low-carbon, and

high-efficiency irrigation strategies that support the sustainable development of rice
production in Taiwan

Key words: rice, intermittent irrigation, water management, nitrogen fertilizer, plant height,
chlorophyll, yield, smart irrigation.






