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Effects of water-saving and nitrogen-reducing on annual yield and nitrogen use efficiency
of ratoon rice and double rice. ZHENG Hua-bin', CHEN Qi-min*, CHEN Yuan-wei', LI
Bo', ZHANG Yan-sheng', TANG Qi-yuan'" ('College of Agronomy, Hunan Agricultural Univer-
sity, Changsha 410128, China; *Yibin College of Vocational Technology, Yibin 644000,
Sichuan, China).

Abstract; Simple and practical cultivation practice with water-saving and nitrogen-reducing is
beneficial to promoting the development of rice cultivation technology with resource-conserving
and environment-friendly. Taking production model as object, we examined the effects of water-
saving and nitrogen-reducing on annual yield, the characteristics of population quality, and nitro-
gen use efficiency of double cropping rice. The results showed that water-saving did not decrease
annual yield of ratoon rice and double rice, with highest yield of 8.42 and 12.71 t + hm™ for both
rice modes under the treatment of water-saving irrigation ( W3 ). Compared with no nitrogen
application ( NO) , annual yield under the treatment of nitrogen-reducing ( N2) and local nitrogen
application level ( N1) was significantly increased, with no significant difference between the
treatments of N1 and N2. In addition, nitrogen agronomy efficiency, nitrogen partial factor pro-
ductivity,, and nitrogen use efficiency under the N2 treatment was higher than those under the N1
treatment. Therefore, to ascertain irrigating or not by the observation of the water layer in the soil
layer using simple and homemade PVC tube, with reducing 24% and 20% nitrogen application
respectively in the models of both ratoon rice and double rice, can achieve dual reduction of
water and nitrogen use. It is a simple and practical cultivation technology with water-saving and
nitrogen-reducing in the rice production model.

Key words: ratoon rice; double rice; annual yield; nitrogen use efficiency.
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Fig.1 Schematic diagram of the observation device of un-
derground water
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Table 1 Variation of annual yield of ratoon rice and double season rice under water-saving and nitrogen reducing

Koy A FA AR MR A
R . 4 it ) B (L ™)
(t+hm™)  (t-hm™) (t-hm™) (t-hm™)  LLY104 7739 WSSM WY308
Wi N1 9.91 a 6.55 a 3.36 a 14.58 a 7.92 a 7.64 a 6.46 a 7.13 a
N2 9.77 a 6.47 a 3.30 a 13.98 a 732 a 7.38 a 585a 7.40 a
NO 522 b 3.62 b 1.60 b 8.84 b 4.74 b 425 b 3.88 b 4.80 b
) 8.30 A 5.55 A 2.75 A 12.46 A 6.66 A 6.42 A 5.40 A 6.44 A
w2 N1 9.64 a 6.12 a 352 a 14.00 a 7.88 a 6.39 a 6.76 a 6.96 a
N2 9.64 a 6.34 a 330 a 14.11 a 6.94 b 747 a 6.35 a 745 a
NO 5.65 b 3.83 b 1.82 b 873 b 482 ¢ 4.12b 3.94 b 528 b
3y 8.31 A 5.43 A 2.88 A 12.40 A 6.55 A 5.99 A 5.69 A 6.56 A
w3 N1 10.51 a 6.70 a 38l a 14.45 a 7.80 a 7.59 a 6.34 a 7.17 a
N2 9.78 a 6.58 a 3.19 a 13.73 a 7.01 a 6.72 a 6.54 a 7.18 a
NO 4.98 b 3.38 b 1.60 b 9.95 b 5.10 b 5.08 b 451 b 521 b
Sy 8.42 A 5.56 A 2.87 A 12.71 A 6.64 A 6.46 A 5.80 A 6.52 A
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Table 2 Dry matter accumulation of ratoon rice under wa-
ter-saving and nitrogen reducing

®3 PATEEETREBEXN TR RFE
Table 3 Dry matter accumulation of double season rice
under water-saving and nitrogen reducing

Koy A F N B Zy Koy HAE SR TS
48 HE DM LAI  CGR TDM CGR HI LB JIE TDW LAI CGR TDW  CGR  HI
(g-m>) (g-m™) (5-m™) (5-m>)
% g WI NI 7%9a 7.02a129a 1112a 98a 0.5l ab
Wl NI 834.85a 536a 7.52a  124620a 9.10a 0.61a LLY104 N2 802a 6.00a 136a 951b  84b 048D
N2 842.07a 629a 7.59a 1168.00a 8.53a 0.66 a NO 503b 238b 9.1b 710c  65c¢ 054a
NO 41955b 179b 3.68b 63133b 454bh 0.59a Ty 688.0A 5.13A11.87A 9244 A 946 A 0.51 A
Ty 698.82A 448A 626A  101520A 739A 0.62A W2 NI 7%2a 59al134a 1085a 9.6a 05la
W2 NI 856.33a 6.17a 771a  1191.67a 870a 0.67a N2 710a 447a 120a  102a 91a 05la
N2 818.73a 546a 738a  120336a 8.78a 0.6la NO  449bh 225bh 82b 617b  57b 053a

NO 49482b 200b 434b
Tty 72329A 454A 648 A
W3 NI 855.72a 5.6la 77la
N2 78230a 484a 7.05a
NO 42688b 175b 3.74b
F-Hy 688.30 A 406 A 6.17 A
P2
Wl NI 67287a 227a 21.03a
N2 62538a 191a 19.54a
NO 293.80b 0.66b 9.18b
iy 530.68 A 1.61 A 16.58 A
W2 NI 62621a 199a 1957 a
N2 56741a 1.68a 1773 a
NO 303.81h  0.74b  9.49b
T 499.14B  1.47 A 1560 b
W3 NI 64058a 2.13a 20.02a
N2 630.71a 1.84a 1971 a
NO 303.22h 071 9.48b 386.43b 595b 0.39a
Ty 524.84 AB 1.56 A 1640 AB  665.95 A 1025 A 0.43 A

661.13b 4.76b 0.66 a
1018.70 A 741 A 0.65A
1244.67a 9.09a 0.62a
118840 a 8.67a 0.59a

575.14b 4.14b 0.67a
1002.70 A 7.30 A 0.63 A

800.19 a 1231a 043 a
715770 a 11.93a 044 a
372.88b 574b 0.39a
649.59 A 9.99A 042A
799.88a 12.31a 048 a
71328 a 10.97a 045a
391.18b 6.02b 0.4l a
634.78 A 9.77TA 045 A
811.54a 1249a 044 a
799.88a 1231a 0.46a

TDW ST BE, LA A RS S, COR NIEY AR, HI
Vlleis s

ZE AR 2 I 2R 53 51 R 15.60 kg « kg™ N Al
16.19 kg - kg™ N, & T8 HEB 7 0 (W) Ay K
HEWE 1(W2) , BNCA: BRI A E A A 7 T 3R
PR RIRR AR, AT W A B ) B R AR 2R g
T W2 F0 W3 b3 (HANE ] 22 F AR B E, KFER
FAE 2R N2 A ) IR A 2= 1 /U AR 2R
R RN R AL 7= 7 A0 I R 2 T N A
H(£4).

RIS, 2239 AR =R DR
PSS DL WIS>W2>W3, H W1 B & & T W3,
1M LLY104 19 2000 A8 3R] R DL W2 55, 35 3]
33.07 kg + kg™' N, WY308 [ RNEA 24 F] FH R LI K&
A PR RS R N2 B T N1, 45k 15.61
kg - kg™' N 1 31.03 kg - kg™' N, FLWE P62 A0 A0
P26 7= 3 R ENE WA FH 26340 N2 305 T N1,
AT DL IE 24 e R BE A R SRR 1 AU 2B 7 0 DA
RIEIEFI (% S5) .

P 650.7A 421 A 1121 A 911.2A 1043 A 052 A

W3 NI 862a 554al46a 1133a 100a 053a
N2  807ab 646a 137a 1017b  9.0b 0.51ab
NO 454c¢ 243b 83D 558¢ S5lc 045b

T 707.6 A 481 A 1218 A 9029 A 7.81 A 0.50 A

R W1 NI 77a 462aldla 1152a 104a 054a
7739 N2 744a 515a 135a  119a 108a 052a
NO 480b 210b 94b 651b  61b 052a

Y 666.0 A 3.96 A 1234 A 1000.6 A 12.39 A 0.53 A

W2 NI 768a 437al140a 11383a 103a 053a
N2 752ab 284b 13.7a 1097a 99a 051a

NO  492c¢ 190b 97b 764b  71b 049a
T 672.6 A 3.04 A 1246 A 999.6 A 12.11 A 0.51 A
w3 N1 772 ab 4.0l a 14.0 a 1072a 97a 054a
N2 810a 5.04a 147a 1067a 9.6a 050a
NO  532b 1.82h 102a 716b  67b 05la
-y 7047 A 362 A 1300 A 951.8 A 924 A 052 A
Wi W1 NI 1012a 207a  1056a 81a 045a
WSSM N2 995a 203a 1144a 87a 046a
NO  727b 158 b 73b  60b 046a
T 911.6 A 1692A 10017 A 1.84 A 046B
W2 NI 979a 200a 1110a 85a 046a
N2 918a 187a 1162a 89a 049a
NO 697 b 152b 721b  56b 048a
Sy 864.7 A 1605 A 10044 A 2.85 A 048 A
W3 NI 1000 a 204a 109%4a 84a 045a
N2 942a 192a  1104a 84a 049a
NO  670b 146 b 809a 63a 045a
T 870.7 A 16.15A 10024 A 2.69 A 0.46 B
Wik Wl NI 90a 167a 1147a 86a 0.53ab
WY308 N2 8%6a 156a 972 ab 7.3 ab 049 b
N0 595b 117b 81b 65b 055a
T 790.0 A 1639A 9963 A 397A052A
W2 NI 89a 156ab 1160 ab 8.7ab 053 a
N2 950 a 173 a 1202a  96a 054a
NO 623 b 122b 883c 68c 055a
T 810.6 A 1682 A 11479 A 649 A 0.52 A
W3 NI 905a 165a  1160ab 8.7ab 053 a
N2 812a 148a  122a 96a 054a
NO 630 b 123 b 883¢ 68c 055a
Sy 7823 A 1624 A 11114 A 633 A 054 A

TDW i T4, LAT A S, COR MEMA KR, HI
SRR E,
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Table 4 Nitrogen use efficiency of ratoon rice under water-
saving and nitrogen reducing
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K AIE AIEARE  GUEAE GUER GUETK ABfEgE R R AT 25 (9 F ] PVC s RS0
S G ORI i WA T O 2 0 K2 84k, DL 2 2 75 7
k' N)  ke'N) kg N N THERE, W2 A1 W3 Ab ARG 7~ b /K2 50931
NS N S ST v S
o 10 em F115 em, 2553, 15 7K FE 0 A8 A< YR by
W1 NI 13.02 a 1354 b 29.11 b 64.31 a - . e
TIKIZAALRES TS T oK AR AR 7 R A A L, B
N2 14.64 a 16.21 a 3321 a 65.87 a BN e i, s .
1y 383 B 1488 AB 3116 AR 65.09 A A AR RN AR R A = ) J8) 4 7= 1 R (B 77
w2 NI 11.64a  1327a  27.20b  58.56a AZ KB R, X 5ET AR 4R — 3
N2 1290a  13.17a  3254a  6626a ( BEESE,2011; 345, 2013) , 9 KA F] Tk
"y RATB 2B 28BN R KIS A BRI U K
W3 NI 14.76 17.39 29.80 b 59.55 : NI o 11 et
“ o3 * s 673 s s 30°‘ FRor A B N, Be A R IR A R Wk
. a . a . a . a
Lo O EE LE T e B mm EL ks ok S AT A
. e AR MR A e WA
FiEE FOM EE, 15 K RE R ASE X7 4 v 7K o0 R FH AR D7 TR
Wi NI 1.72b 17.62a  2243b 4828 b PR, (H ARG, A ER T N T
N2 18.80 a 19.24 a 36.64 a 67.66 a B 5 10 em F1 15 em Hb R 7K 2R 30K 3, L
- 1526 A 1843 A  2954A 5797 A S VR T R
y N S BT IR K S0 T Bk FHRCR &
1 1.37 15. .50 b 7
LS A = b e i 45 K AN A
N2 1641a 21762  3663a  55.50a HEHY 2 ﬁ@iﬂﬁ?ﬂ(};*ﬂ Wﬁli i%zk;?;j%ﬁ .
Ty 13.80 B 1853A  30.07A 5261 A FE—E VLR A A PR MR A R B Bl B TR
W3 NI 1471h  2191a  2540b  47.85b KK ol by, NI+ i L Bl 2 | 7= & S
N2 17.67 a 18.59 b 35.49 a 66.02 a ( Makino,2010) {ggﬁﬂﬁiiﬁﬁ#ﬁgﬁ@,yj{m
S A — NI N 4 Sy
i 16194 20254 30444 56934 5745k 110 2 0% M i R R ik L 40 1 ik
£S5 TPATEEETUESHBEXNEIER AR
Table 5 Nitrogen use efficiency of double season rice under water-saving and nitrogen reducing
=Ny Ko A FNEA = % SR A: BRI R RACw A" 11 RE ] H %
A HE (kg - kg™ N) (kg - kg™ N) (kg - kg™' N) (%)
Ly LLY104 7739 LLY104 7739 LLY104 7739 LLY104 7739
W1 N1 2121 a 22.59 a 3152 a 34.93 a 52.79 a 50.92 a 66.94 b 64.40 a
N2 21.56 a 26.09 a 27.46 a 35.01 a 61.03 a 61.50 a 78.25 a 74.50 a
T 21.39 A 24.34 A 20.49 AB 3497 A 56.91 A 56.21 A 72.60 A 69.45 A
w2 N1 21.02 a 15.12 b 37.94 a 22.90 a 52.55 a 42.56 55.29 b 65.71 b
N2 18.42 a 27.95 a 28.19 a 37.47 a 57.83 a 62.26 a 65.86 a 74.17 a
-1y 19.72 A 21.54 AB 33.07 A 30.19 AB 55.19 A 52.41 A 60.58 B 69.94 A
w3 N1 18.01 a 16.75 a 27.59 a 26.21 a 51.99 a 50.59 a 65.31 b 64.02 b
N2 15.95 a 13.67 a 21.10 a 18.90 a 58.43 a 55.98 a 75.22 a 73.61 a
REC] 16.98 A 1521 B 24.35 B 22.56 B 55.21 A 53.29 A 70.27 A 68.82 A
e e WSSM WY308 WSSM WY308 WSSM WY308 WSSM WY308
W1 N1 1437 a 12.93 a 34.88 a 28.30 a 35.91 a 39.60 a 41.68 a 46.33 a
N2 13.74 a 18.01 a 33.37 a 38.99 a 40.65 a 51.35 a 4131 a 46.00 a
-1 14.06 A 15.47 A 34.13 A 33.65 A 38.28 A 45.48 A 41.50 A 46.17 B
w2 N1 15.67 a 9.36 a 39.44 a 18.80 a 37.57b 38.67 b 39.64 b 50.37 a
N2 16.74 a 15.10 a 34.83 a 29.38 a 44.11 a 51.74 a 48.55 a 5171 a
- 16.21 A 12.23 A 37.14 A 24.09 B 40.84 A 4521 A 44.10 A 51.04 A
w3 N1 10.14 a 10.92 a 24.90 a 22.46 a 3522 a 39.85 b 40.31 a 48.87 a
N2 14.04 a 1372 a 33.52a 24.72 a 45.38 a 49.89 a 41.95 a 55.42 a
-3 12.09 A 1232 A 29.21 A 23.59 B 40.30 A 44.87 A 41.13 A 52.15 A
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85,2015) . KREMFTE R (FLINER 5, 2013 ; X207
82017 B 15 LA, 2017 [ B 45, 20185 52 R 4
2019) , Wl AU AL B 25 f 2 B AIGOK e 7 o L RE 4
RIEFIR R FE /N A S A 7= L R AR &
FUIE I U5 it FH B2 = 0N R 0% (2R 4
2016) o ASWFGT H, BT 1A R A R L2 A A5 X
(14 224 Hi it 6K, U A B R AT P T ) e
()22 5 AN i 2 U EH R B 43 9 2 20% Fi 24%
FE—BOAA PR ARG R EUIE A AL
RORF N2 ALY FAEAR 2= F) % RUIE A BER]
R ENE A 7= 1 AR IR W R R 2 F N &b
B (AR A D A S A ] 22 5

IK B 22 TR AFAE —Ffr LUK R IR () B AR S0
RIVAS FH = 3EAE 3 KRG X 35 40 I W L RE 7 Bt 5 e
IR IRGLI AR | T FBOKFEAE K B Z R,
TE R4 T KRG I« DU IR K 15 52 20
Wit St A = AR, IR T R R R
B G P 0 A, < AR TR K 7 B 25 7 £
ST SRR R E A, DU E K B 8508 0N, I HL
Bl K RO 3R R < DURR R K B9 1 A s,
U, 7R B it B, R T AR 4 A 4 A B oK
FREAN, BN E B R LI TR REE (B EB %,
1996) , 7& 4 ™ 5 52 i A B 22 it FH 2008
DI REAOK R 7 &, Bt B 55 (1996 ) il E 2 A8 5%
(2004) FAIFFT 22 B, 2 BE 7K 43 W3l I AN 25 B AR R
SRR I BE J7 5 A, %7K BE AR 9815 E 16 i
AR, AT AR A 7K A At BT - R0 2 88 v i A 1) R
FEZ 5 HABORIA R, DT 4 55 RS 5 s SR
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