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Water-saving and Fertilizer-reducing Effect of Clinoptilolite in Water-saving
Irrigated Paddy Fields in Semiarid Areas of Western Liaoning

WU Qi CHEN Hongyang WANG Yanzhi CHI Daocai
(College of Water Conservancy, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: The low water and fertility retention capacity of paddy soils in the semiarid area of Western
Liaoning is one of the important obstacles restricting water conservation and high yield in this area. In
order to study the water-saving and fertilizer-reducing effects of clinoptilolite in water-saving irrigated
paddy fields and clarify the relationship between the process parameters of nitrogen accumulation and rice
yields, field experiments were conducted in semiarid areas of Western Liaoning in 2019 and 2020.
Conventional flooding irrigation treatment was taken as control, and alternate wet-dry irrigation with
application of clinoptilolite, alternate wet-dry irrigation with application of clinoptilolite and 1/4 less
nitrogen treatment, alternate wet-dry irrigation with application of clinoptilolite and 1/4 less phosphorus
treatment, alternate wet-dry irrigation with application of clinoptilolite and local organic fertilizer instead
of quick-acting fertilizer treatment ,were designed to monitor rice water consumption, dry matter, nitrogen
uptake, etc. Results showed that compared with conventional flooding irrigation, clinoptilolite coupled
with alternate wet-dry irrigation significantly saved irrigation water by 4. 8% to 11.4% , increased water
productivity by 6.2% to 15. 5% , reduced phosphate fertilizer by 25% , and increased rice grain yield up
t0 9. 7% . The rice water consumption presented that it was firstly increased and then decreased, and the
plant nitrogen requirement conformed to the Richards’s growth function. The principal component analysis
showed that the three important parameters affecting the highrice yield were the nitrogen accumulation
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amount, nitrogen accumulation duration and stablity of nitrogen accumulation process. The significant
increase in rice yield for “alternate wet-dry irrigation with application of clinoptilolite and 1/4 less
phosphorus” treatment, and “alternate wet-dry irrigation with application of clinoptilolite” treatment was
due to the increased nitrogen accumulation in leaves, and then increased the dry matter accumulation and
the nitrogen accumulation in rice panicles. In summary, alternate wet-dry irrigation with application of
clinoptilolite and 1/4 less phosphorus treatment, and alternate wet-dry irrigation with application of
clinoptilolite treatment had characters of both high nitrogen accumulation amount and duration, and stable
nitrogen accumulation process, which became the important ways to save irrigation water and increase
production efficiency in apaddy field of the semi-arid area of Western Liaoning.

Key words: semiarid area; water-saving and fertilizer-reducing; nitrogen

rice; clinoptilolite ;

accumulation amount and duration
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Fig. 1

REKRIERAL N 21. 5% ), ZAEFHSIR 7. 6°C
ToFE 152 d, HEEFH P IEL pHE N 7.2,
BRI 1. 28 o/kg, Bl AT & LE 92. 15 mg/kg,
AR BE R IE 18.76 mg/kg, A RCHR BRI
201. 43 mg/kg, A HL 5 &t 13.05 g/kg, B FH
5 A2 WU AE TR, AR E T2/ 0 N, IEK A
AT DAL=
1.2 iRIewr#t

M FERD R ] T0BE 3997 AEHEW 154 d 24,
J& A ATEE K 30 em, BEFE M 13.3 em, 55T
13 ~4 bk, SRR IRE A VUL A 0k
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VRBIUR BE RS HITE 20 em Z2 47, FH AR IR B AL O AL I

Location of experimental site
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114 kg/hm® ) 322 3 8 0174088 5 Uit A, 4% /5 50% .,
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Tab.1 Water managements for conventional flooding and alternate wet-dry irrigation
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WL TE IKJZTREE/ em 1~7 1~7 1~7 1~7 1~7
IKIZTREE/ em 3~7 0~5 0 0~7 0~7
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F 7K/ kPa 0 -10~ -5 -35~-25 -10~0 -25~-15
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FEK IR, P BEI LB AE K 4D, S BEIDIAE
K2y SRR KRR 12.13% IR AR N
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510 AHEE, T1 AT T3 A0 B i 42 5 T KRR P
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Tab.2 Water consumption and water productivity of different treatments

¥ BtFEK 2/ mm

MR e GobaEN MEOTEW g e R e W (e ™)
TO 93.78 296. 98 176. 22 181. 11 748. 09* 7.30" 0.97¢
T1 88.27 283. 56 164.27 172.71 708. 81" 8.15° 1.15¢

2019 T2 82.24 270. 24 152.70 159. 96 665. 14°¢ 7.05¢ 1. 06"
T3 88. 60 282.20 165.53 174. 60 710. 93" 8.10° 1.14°
T4 87.94 280. 24 165.26 176. 24 709. 68" 8.07* 1.14%
TO 95.19 301.43 220.78 182.92 800. 33* 7.79" 0.97"
Tl 90. 04 286. 40 213.27 175. 30 765. 00" 8. 40" 1.10°

2020 T2 83. 06 274.29 188. 80 160. 76 706. 92° 7.08°¢ 1.00"
T3 89.93 286. 43 206. 58 176. 35 759. 28" 8.34% 1.10°
T4 88. 82 281. 64 193. 31 178. 88 742. 66" 7.83" 1.05%

0 RV AR/ NE R FRR 2R BE (P <0.05), TR,
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Fig.2 Dynamic variation of dry matter weight of rice stem and leaf

2.3 FEAEKEEERPNTYREMRRSE
H12 3 AT, - SRR B AR AR 1 3T L f91 B
R AR A4 TR SR AT B A ) R, G
SR AN U LA R e (AR B A i, AWD
AT R AR AR P& ] RS KA = i HL 2L
JEPA XA T3 T1 AR PRS2 g, (HUR, T3
T1 25 A, N E IR AR R i T et R
G RHSLER N B R, XL T3 AbBEA TO 4k

BB BT I AR A T AN T3 K T4 AR Bk 7K Fig 25
Y R, KRR B A R A
LRI T 2R AR A S ST R R E
FEIFAEK RO G AR B, Rk = 2 95
FRER K (30 ~60 d) , Ja M A B i FAE T,
AT SO EAE 7= )18 18 m B A%, T4
FR R B A R Rt R ZE AR B )
AR 1K T Cp XPZEm-T4 sl B 554105
Mt KA BE R 30 ~60 d, HEHE R 60 d 2245, Ui HA 1Y
IKHEBEATFIT Cp TEKREE IR B R 5 0 EE X
TR E AR E T Be 9 B R 82 T AH G
F2EH, Cp X4 SRR SR B B i

(d) 20204, 0%

BT LG, T K HEAR R Cp 7EBHIEA R =
RO AT 25% BEAE., 5 TO AH G, T3 ALFRfAR
WY TR RS T 137 o/ KR E RS T
2.23 g/ o BB EHE R T 0.33 o/ /RIS 5 1 =
T 3.22 g/ 9%, 1M T1 AEBEAT T4 A0S T4 B ot v
I3 41.65 41,53 o/ 7 (PAERIE) , X BBt Cp
T BRI S5 A K R IR B0 12 T L i 4
A RTERER R R AR T i 1,



310 ok MO ¥ iR 2021 4F
®3I AEALEBHKBTFOREFNRIE
Tab.3 Dry matter weight and nitrogen uptake of rice under different treatments 2/ 7%
Ay AbE T it LR ET iR EL/E B A BT i TR R
T0 5.93" 0.057¢ 28.37" 0. 167" 10. 4" 0.084¢ 36.81° 0. 398"
Tl 7.75° 0.079* 32.71° 0.216° 11.08° 0.101° 42.58° 0. 524°
2019 T2 5.72° 0. 087" 24.63¢ 0. 156¢ 9.16° 0. 090" 35.58" 0.427°
T3 7.41° 0.047°¢ 30. 63° 0. 1351 10. 76 0.071¢ 41.03° 0.374¢
T4 7.21° 0.071° 30. 65° 0.181° 10. 82 0. 093" 42.45° 0.471°
TO 5.81" 0. 056¢ 27.91° 0. 169" 10.29" 0.082" 36. 56" 0.391"
Tl 7.228 0.078* 32.05° 0.202° 10. 89° 0.093° 40.72° 0.421%
2020 T2 5.62" 0.085° 23.05°¢ 0.152°¢ 8.97¢ 0.088" 33.86°¢ 0.418"
T3 7. 06" 0. 0461 30. 112 0. 133¢ 10. 58 0.071° 38. 79 0.366°
T4 6. 89° 0. 069" 30. 24° 0.177" 10. 43 0.091¢ 40.61° 0. 467¢
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Fig.3 Nitrogen requirement of rice

Fig.4 Evaluation index of efficient nitrogen

management and its principal component analysis
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Tab.4 Main parameters of Richards equation

W’ G ean” Y/
Qb3 R, 1 D/d )
(g7 (g7 '-d™)) (t-hm™?)
TO 4.9x10°° 0.240 0.37 44.8 0.015 7.54
Tl 5.8x10°° 0.265 0.37 50.0 0.014 8.28
T2 4.8x10°° 0.215 0.37 37.4 0.016 7.07
T3 3.9x10°° 0.229 0.37 47.9 0.013 8.22
T4 4.5%x10°° 0.258 0.37 45.8 0.015 7.95
3 itig
3.1 AWD EBEXTFE H I KB 0K 4 £ 7=
RN

AWD B 7E PR AP 7K R RE /K 2 R 731 7K 43 R
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17% ~ 18% , /K4y FIH B R E T 25% ~29% .
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WM, JAR I R R A5 1 el K E R (R %R
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YRR R, S SR IE A AR R B T A 3 2
TAAB R, B, 15 50 1 HE 2 SO R
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R FIN R RS AWD I T RS 1B
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AL HERE T AL K PN E R, IEFEE PO g
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