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Effects of straw mulching and nitrogen management on photosynthetic
characteristics and yield of direct seeding rice
under wheat rape rice rotation

PENG Zhiyun'? DING Feng'? SHEN Jie!? XIANG Kaihong'? MA Peng'? GUO Changchun!? MA Jun'?*

(1.Rice Research Institute of Sichuan Agricultural University, Wenjiang, Sichuan 611130, China; 2.Crop Ecophysiology
and Cultivation Key Laboratory of Sichuan Province, Wenjiang, Sichuan 611130, China)

Abstract: This study adopted two factors split plot design to study effects of the wheat/rape straw returned and nitrogen
management of direct seeding on rice photosynthetic characteristics, the influence of the dry matter accumulation and
yield. The main area was wheat /rape straw turned over and returned to the field(M) and the straw was not returned to the
field (Mo). In the secondary area, 4 nitrogen fertilizer management contained the control with no nitrogen application (No),
three groups with the ratio of the application rates of basal fertilizer, tillering fertilizer, flower-promoting fertilizer and
flower-protecting fertilizerwas 1 0 0 O(Ni),3 3 2 2(N2),2 2 3 3 (Na), respectively. The results showed that
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under wheat-rice or rape-rice rotation, nitrogen fertilizer management had significant or very significant regulation effects
on dry matter accumulation, photosynthetic characteristics and yield of direct seeding rice at main growth stages. And
straw returning significantly affected leaf area index (LAI) and population dry matter accumulation of rice at jointing
stage and full heading stage. Meanwhile, the regulation effect of rape-rice rotation was significantly higher than that of
wheat-rice rotation. When straw was not returned to the field, combined with N; fertilization, it could effectively increase
the net photosynthetic rate, SPAD value and leaf area index of flag leaves, delay leaf senescence, and maintain a high
population growth rate from jointing stage to mature stage. The advantage of dry matter accumulation is obvious. Under
the nitrogen fertilizer management mode of straw returning to the field with N, the population of direct seeding rice with
wheat /rape stubble had reasonable construction, strong photosynthetic capacity of flag leaves at filling stage, more grains
per panicle, high yield, and the highest yield could reach 10 090 kg/hm? and 10 693 kg/hm?. In summary, with wheat
/rape-rice rotation, the nitrogen fertilizer management model of straw returning to the field combined with that the ratio
of the application rates of base fertilizer, tillering fertilizer, flower promoting fertilizer and flower protection fertilizer was
3 3 2 2could achieve high and stable yield of direct seeding rice.

Keywords: wheat rice rotation; rape rice rotation; direct-seeding rice; straw returning to the field; nitrogen fertilizer
management; yield formation; photosynthetic characteristics
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Table 1 Chemical properties of topsoil (0-20 cm) in the test field
lgkg™ (mgkg™) /(mgkg™) /(mgkg™)
(Pw) 31.36 92.39 16.74 187.43
(Po) 39.49 102.59 17.47 226.76
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Fig.1 The SPAD values of the blade of direct seeding rice under different straw mulching and nitrogen fertilizer management modes

2.1.2 R/H-BRETRALE S feEEat i

WAGLE TSI bk F e B 30d 30d
2 No N Ns N2

N> N; 15 30d N2 N

No N,

*2 TRBFCHSRREERXTEERETRERUMSFLETRE

Table2 Net photosynthetic rate of sword-leaf of direct seeding rice under different straw mulching and nitrogen fertilizer management modes

/(umol'm2-s7") /(umol'm2-s7!)

0d 15d 30d 0d 15d 30d
- MoNo 14.39 14.70b 7.32¢ - MoNo 15.85ab 14.45b 10.07¢c
MoN; 15.15 13.23b 11.71b MoN; 14.66b 14.10b 11.62¢
MoN> 16.21 20.36a 16.69a MoN; 16.74a 18.49a 16.3%b
MoN; 16.04 20.50a 17.91a MoN; 17.26a 19.98a 18.68a

15.45 17.20 13.41 16.13 16.76 14.19
MiNo 15.44b 14.67b 10.17d MiNp 16.24b 12.74¢ 11.84b
MiN; 16.69ab 14.80b 12.74¢ MiN; 17.08ab 15.41b 12.26b
MiNz 18.34a 22.10a 15.04b MiNz 18.03a 18.48a 18.03a
MiN; 17.53ab 19.95a 17.86a MiN; 18.60a 20.50a 17.00a

17.00 17.88 13.95 17.49 16.79 14.78

? M 15.88 4.85 2.64 ? M 2.07 0.001 1.37

N 2.88 40.89%* 60.15%* N 6.14%* 17.17** 41.11%*
MxN 0.66 0.88 11.52%* MxN 1.03 0.72 2.09

4 0.05 R 0.01
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2.1.3 /- TAAEE L GRSt 4 LAl FHLAI ~FHLAR
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WAL KAt B AR B 13.92% 15.76% 0.51%
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Table 3 Photoperiod area characters of live rice under different straw mulching and nitrogen fertilizer management modes

/% (LALd™Y)
- MoNo 3.69¢ 3.72¢ 2.40c 64.56b 0.001b
MoN; 6.25a 4.73b 2.92b 61.72¢ —0.038¢
MoN: 5.10b 5.69a 3.72a 65.22ab 0.015b
MoN; 4.33c 6.27a 4.15a 66.17a 0.049a
MiNo 2.96b 4.02¢c 2.29¢ 56.92d 0.027b
MiN; 4.63a 5.56b 3.55b 63.82¢ 0.023b
MiN; 4.30a 7.04a 4.93a 70.05a 0.068a
MiN; 4.08a 6.63a 4.52a 68.21b 0.064a
F M 21.19% 5.00 6.92 1.36 48.601*
N 18.17%* 30.41%* 35.91%* 99.37** 14.562%*
MxN 1.86 1.22 2.94 65.41%* 2.178
- MoNo 3.85¢ 4.33c¢ 2.72¢ 62.90b 0.012b
MoN; 6.25a 5.39b 3.24b 60.20c —0.022¢
MoN> 5.00b 6.15a 3.98a 64.74a 0.029a
MoN; 4.85b 6.46a 4.23a 65.46a 0.040a
MiNo 3.73b 4.69¢ 2.68¢c 57.01c 0.024b
MiN; 5.18a 5.49b 3.48b 63.35b 0.008¢c
MiN2 5.07a 7.42a 5.04a 67.92a 0.059a
MiN; 4.81a 7.11a 4.77a 67.00a 0.058a
F M 1.18 310.10%* 52.23% 0.29 13.498
N 20.50** 50.79** 66.12%* 31.52%* 25.998**
MxN 221 2.60 4.68* 14.27** 0.771
4 0.05 comeck 0.05  0.01

22 HB-ERETHEATHSEREEEN EE
BTFYRIRENF N
4 2
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4.42% 7.90%
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Table 4 Accumulation of dry matter in direct seeding rice under different straw mulching and nitrogen fertilizer management modes

Ig /(thm2) Mgm2-d)
JS FHS MS JS FHS MS SS-JS JS-FHS FHS-MS
— MoNo 0.86b 5.78b 8.28¢ 1.82¢ 9.87¢ 14.11¢c 3.43¢c 20.12b 10.60b
MoN; 1.10a 6.06b 8.46¢ 3.17a 11.77b 16.10b 5.99a 21.49b 10.83ab
MoN2 1.01a 6.87a 9.47b 2.44b 13.12a 17.81b 4.60b 26.69a 11.74b
MoN3 0.96ab 6.99a 10.13a 2.25b 13.34a 18.76a 4.24b 27.73a 13.55a
MiNo 0.67b 5.85b 8.45b 1.13¢ 9.36¢ 13.48d 2.13¢ 20.59¢ 10.31b
MiN; 0.85a 6.21b 8.57b 2.26a 11.85b 16.34¢ 4.27a 23.96b 11.22ab
MiN2 0.93a 7.43a 10.35a 2.13a 14.28a 19.43a 4.02a 30.37a 12.88a
MiN; 0.80a 7.10a 10.03a 1.73b 13.54a 18.45b 3.27b 29.53a 12.26a
F M 12.15 1.46 1.00 32.99* 0.24 0.62 32.98* 3.49 0.11
N 6.00%* 13.31%* 38.54%* 31.11%* 62.58%*  191.50%* 31.11%* 37.64%* 4.13*
MxN 0.83 0.40 2.18 1.85 2.11 8.20%* 1.85 0.97 0.48
— MoNo 1.03 6.02b 8.82b 2.19b 10.37¢ 15.31b 4.14b 20.44b 11.45b
MoN; 1.05 5.69¢ 8.05¢ 2.75a 11.49b 16.46b 5.18a 21.85b 11.80ab
MoN2 1.09 7.16a 9.90a 2.80a 13.20a 18.26a 5.28a 26.12a 12.09ab
MoN3 0.98 7.19a 10.29a 2.39b 13.32a 18.73a 4.51b 27.22a 13.52a
MiNo 0.91b 6.14b 8.82b 2.11b 10.36¢ 14.90¢c 3.99b 20.60c 10.74b
MiN; 0.99ab 6.18b 8.49b 2.57a 12.14b 16.78b 4.86a 23.91b 11.61b
MiN2 1.11a 7.43a 10.62a 2.72a 1441a 20.50a 5.13a 29.66a 15.67a
MiN; 1.08a 7.52a 10.61a 2.56a 13.90a 19.61a 4.83a 29.04a 14.75a
F M 0.06 72.13* 4.70 0.06 38.07* 36.04* 0.06 16.48* 2.49
N 1.575 90.46%* 47.49%* 6.96%* 60.52%* 28.67%* 6.96%* 49.25%* 11.08%*
MxN 1.265 0.89 0.89 0.52 1.42 2.12 0.52 1.66 4.35%
IS FHS MS SS-IS - JS-FHS - FHS-MS
4 0.05 ceReCH 0.05 0.01
23 FEIH-TBRETHRITCTHSEREENEE N> N3 Ny 2
ErE R EARE TR0 N
5
0.96% 4.66% 0.60% 4.56%
520% 4.71% 2
N; N2 Ny Ni N2
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N3 MiN> MiN;

N3
Ni N> N;

Ni
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Table 5 Yield and its components of direct seeding rice under different straw mulching and nitrogen fertilizer management modes

N2

/

/

(x10*hm ?) e " (kghm2)
— MoNo 160.50b 37.78ab 92.60a 145.19b 7 790b
MoN; 190.33a 38.25a 92.17a 146.19b 9 309a
MoN> 188.17a 37.46bc 88.70b 160.51a 9641a
MoN3 183.78a 37.11c 88.75b 170.02a 9761a
MiNo 156.33¢ 37.65b 92.18a 143.13b 7 409¢
MiN; 190.67a 38.28a 92.61a 144.10b 9 489b
MiN; 185.44ab 37.66b 90.04ab 175.55a 10 090a
MiN; 182.89b 37.25b 88.53b 173.00a 9 855ab
F_ M 5.00 0.12 0.49 0.85 0.31
N 59.61** 9.95%* 4.83* 28.15%* 75.57**
MxN 0.28 0.26 0.20 2.16 1.99
- MoNo 173.67¢ 37.88ab 91.21ab 144.21b 8 253¢
MoN; 201.33a 38.14a 91.90a 145.23b 9331b
MoN> 183.67b 37.59b 89.61ab 173.52a 10227a
MoN3 181.00b 37.51b 89.29b 177.10a 10411a
MiNo 169.00c 37.93ab 93.89a 143.77¢ 8 015¢
MiN; 197.56a 38.07a 92.40a 145.83¢ 9 588b
MiN2 194.67ab 37.43bc 89.66b 172.69b 10 693a
MiN; 186.67b 37.36¢ 88.59b 182.41a 10 473a
F_ M 6.18 3.50 0.68 0.31 0.52
N 27.47%* 5.22% 7.76%* 65.35%* 78.6%*
MxN 2.88 0.11 1.43 0.33 1.46
0.05 Cokmec R 0.05 0.01
3 S5
[17-18]
60%
[20]
1 SPAD LAI
2 40%
3

Ny

[21]
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