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Optimization of the water use efficiency of rice seedlings by
response surface method under far-red irradiation

ZHU Mei, LI Xinyu, LIU Shuoshuo, HU Chenfan, SHI Yunjia
(School of Engineering, Anhui Agricultural University, Hefei 230036, China)

Abstract In order to make clear the intermittent far-red light irradiation mode improving the water use
efficiency (WUE) of rice seedlings, a 694 nm wavelength far red LED light irradiation experiment was
conducted on five rice varieties, including Youming 86, Fengliangyou 648, Luhan 639, Jingzhan 1 and
Zhendao 18. The root and stem length of rice seedlings and the gas exchange were measured to identify
the optimal WUE rice variety. Based on the rice variety with optimal WUE, experiments were conducted with
four different wavelengths of far-red LED light irradiation at 836, 720, 755, and 694 nm, respectively. The
root and stem length of rice seedlings and gas exchange parameters were measured to determine the
optima far-red light wavelength of the optimal WUE rice variety. Using the Box Behnken central combination
design principle, with no far-red light irradiation as the control group, a multi factor response surface
optimization experiment and simulation were conducted with single far-red light irradiation duration,
interruption duration and irradiation period as control factors and WUE as response value. The results
showed that Luhan 639 rice variety had the best WUE under far-red light irradiation with a peak wavelength
of 755 nm. The optimal intermittent far-red irradiation mode combination for improving the WUE of rice
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seedlings is as follows: Nineteen minutes of single irradiation, nineteen minutes of intermittent irradiation

and the conventional LED irradiation immediately begins after the far-red light irradiation ends. The

simulation result of rice seedling WUE under the optimal intermittent irradiation mode is 8. 8, and the actual

measured WUE of rice seedlings in the validation experiment is 8.6, with a relative error of less than

0. 3 compared to the prediction model. The results of the model in this study are reliable.

Keywords rice; water use efficiency; far-red light; response surface method
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Different lowercase letters on the column indicate significant differences in water use efficiency among different varieties of rice seedings (P<Z0.05),

and the same letters are insignificant (P~>0. 05).
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Fig.3 The response of root and stem length and WUE of different rice varieties to YAB far-red light irradiation



222 0 LN ES I Y NS S 4

2024 4F 55 29 %

648 Jf 5 15 R 18 22 KA Kl # J s kK i
PR gg , o 5 639 IR RN 2 K B A T A 4 4
SRR SN KAE S AP Y AB BYIL 4TG5 IR 5 WUE
2 2 Hoh 5 52 639 /KRG 40 B WUE K F Hofth 5
Fivo 25 b, 5 5 639 /K Fd 4 1 280 2106 5 IR S R 3
Je WUE 5.3 06 7 HoAth i il
2.1.2 RF A 5T k4 R4 F 639 s AR K4S
Y ¥ 44 % R

R0 K R R A N R S 18 A YAB G 2L
O B 7K 43 ) 2403 me 1 e G 19 % 5 639 i A
ARS8 219 LED 48 R X 4% 52 639 K R 4h i A= K
KoK Ay FIFRCR B g ma UL 4 28300 21 5% 40 R 7K

951

|

-
W
T

-+ CK
- LSO

##K:/mm Root length

65
MGO
== GGO
55 ) | --YAB |
16 19 22 25

1553} A)/d Incubation time
(a) #R4 Root length
54

52
5.0

48

Sa6

4.
44
42

4.0

387¢CK LSO

0.05); and the same letters are insignificant (P=>0. 05).

FE4N AR K W2 KT ICm b | CK 4 .
22 LSO L1 5 BE T /K R 40 i iR B, AR R
T GGOm A4 R /KR4 B AR K, LSO il GGO
T4 NS ok T N R 0 S o | R P R
17.2% A113.4% o MGO F1'Y AB 32 21 648 BT /KA
R AR SAAIUT s GGO LTG5 BR R KRR 4h 1 25 K
K, H X A3 20.89% . LSO MGO #il YAB i
DI ) G NS I i 1 BT N 1 R RS S TEA N
SR BN K AE 4 B K o R RO 26 55 0 3 K RE 4 i
KR RCR L GGO I 20656 B8 35 0 T HoAh AL 5
ML IR 5. 7% ~27.49% . % 1, GGO L L 4R
WECT K R 4 v R 34 SR o R R SR e R o

130 - -=-CK
=180
120 ~MGo
% -+-GGO
5,0 YaB
£
Q
L
= 100
£
Mg
£
80 1 1 J
16 19 22 25

B[] /d Incubation time
(b) 25K Stem length

MGO GGO YAB
i34 Experimental group
() KA FI AR Water use efficiency
FE_E R TR/ b 3R R AN [ 28552 216 4 IR OK 43 ) 0% 25 53 .35 (P<<0. 05) A ) - bk 3R 22 5 A8 1B 35 (P=>0. 05) ¢

Different lowercase letters on the column indicate significant differences in water use efficiency under different types of far-red light irradiation (P<C
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Fig.4 Effects of different types of far-red LED irradiation on the growth and WUE of Luhan 639 rice seedlings
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Table 2 Response surface test results of Luhan 639 rice seedlings irradiated by GGO far-red light
FIKF Factor level N
T K53

Trial number

Ay, B IR K

Duration of a single irradiation

By, [ Wi 4
Duration of the break

C, i BRI B

Irradiation period

Water use efficiency

1 0 —1 —1 7.746
2 0 0 0 5.542
3 0 0 0 6.029
4 —1 1 0 6.341
5 —1 0 1 4.447
6 1 0 1 8.231
7 1 —1 0 5. 585
8 1 0 —1 6. 486
9 —1 —1 0 5. 587
10 0 0 0 5.942
11 0 0 0 6.329
12 —1 0 —1 7.374
13 0 —1 1 5.254
14 0 1 —1 8.439
15 1 1 0 7.829
16 0 1 1 8.319
17 0 0 0 6.142
R3 MEHEREATEFTER
Table 3 Variance analysis of response surface test
5% i 1 55 . R

Parameter Sum of squares Degree of freedom Mean square Distinctiveness
#EA Model 22.23 9 2.47 18. 82 *k

A 2.40 1 2.40 18.29 .

B 5.71 1 5.71 43. 47 ek

C 1.80 1 1.80 13.71 ok

AB 0. 56 1 0. 56 4.23

AC 5.46 1 5.46 41.58 *

BC 1.41 1 1.41 10.72 *

A? 0.23 1 0.23 1.74

B’ 1.38 1 1.38 10. 49 *

C* 3.19 1 3.19 24.33 *
5% 2% Residuals 0.92 7 0.13 — —

P 51
?)Eu?—\o;—the—way items 058 3 0-19 2.2
R 22 Error terms 0.34 4 0.086 — —
A Sum 23.15 16 — — —

TE o+ o IR S5 52 5 35 (P<0. 05) Al 1 3% (P<<0. 0D,
Note:* and ** indicates a significant difference (P<<0. 05)and a extremely significant difference in the results(P<Z0. 01) separately.
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Fig.5 Effect of the interaction of various factors on water use efficiency
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