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Effect of straw returning and increasing nitrogen of tillering fertilizer
on rice yield and nitrogen uptake and utilization in cold region

LIU Menghong'?, LI Hongyu''?" , DU Jun®, CHEN Liu®*, LIN Xiaoying® .
ZHAO Haicheng'?, ZHANG Yue' . ZHANG Gongliang'
(1. College of Agriculture, Heilongjiang Bayi Agricultural University/Heilongjiang Provincial Key Laboratory of
Modern Agricultural Cultivation and Crop Germplasm Improvement, Daging 163319, China;
2. Key Laboratory of Low-carbon Green Agriculture in Northeastern China, Ministry of Agriculture and Rural Affairs, Daging 163319, China;
3. Beidahuang Group Heilongjiang Fuyu Pasture Co. , Ltd., Qigihar 161200, China;
4. Beidahuang Group Heilongjiang 854 Farm Co. , Ltd., Jixi 158100, China)

Abstract To clarify the impact of straw returning to the field and increasing nitrogen fertilizer application on rice yield
and nitrogen uptake and utilization in cold regions, a two-factor fully randomized pot experiment was designed. Rice

yield, nitrogen accumulation, nitrogen production efficiency, and nitrogen utilization efficiency were measured under
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four different treatments including straw leaving the field (S;) . returning to the field (S,), conventional nitrogen (N;)
and tillering fertilizer increasing nitrogen treatments (N, ). The results showed that: Under S, condition. the biological
yield and grain yield of rice respectively decreased by 3. 18% and 3.90% . and the nitrogen accumulation and spike
nitrogen increase respectively decreased by 9. 34% and 6. 48% , respectively. Nitrogen dry matter production
efficiency and nitrogen rice production efficiency respectively increased by 6.87% and 6.34% . Under the condition of
returning straw to the field, the biological yield and yield under the treatment of tillering fertilizer and nitrogen
respectively increased by 4.60% and 4.38% . Compared with those under the conventional nitrogen application, the
nitrogen accumulation and the increase of nitrogen spike respectively increased by 13.69% and 11.69% ., and the
nitrogen dry matter production efficiency decreased by 7.98% . Compared with S1, the agronomic utilization efficiency,
absorption utilization efficiency, and partial factor productivity of nitrogen in S, respectively decreased by 8.54% ,
15.77% and 3.93% . The physiological utilization efficiency increased by 9.52% compared to that of straw removed
from the field. The effect of the interaction between the two factors of straw return and tiller fertilizer nitrogen increase
on nitrogen agronomic utilization, absorption utilization and bias productivity reached a highly significant level. Under
the condition of returning straw to the field, the nitrogen utilization efficiency of conventional nitrogen application
increased by 5.53% compared with that of tiller fertilizer, and the absorption utilization efficiency and partial factor
productivity did not change significantly. Therefore. the tiller fertilizer nitrogen enrichment (N,) under straw return (S,)
conditions could significantly increase nitrogen accumulation and spike nitrogen content, significantly improve nitrogen

agronomic use efficiency. and thus increase biological yield and rice yield. It is an effective technical approach to

2023 4F 55 28 &

achieve high yield and efficient use of nitrogen fertilizer in cold regions of rice.
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Table 1 Comparison of biological yield and grain yield under different straw returning and
tillering fertilizer increased nitrogen g/
fb 38 47 B Biological yield KR i Grain yield
Treatment 2020 4 2021 4F -4 Average 2020 4F 2021 4E -1 Average
S 64.08+0. 36 65.9940. 83 65. 04 32.82+0.22 29.27+0.59 31.05
S, 61.42+0.81 64.52+1.21 62.97 31.0440.43 28.64+0.56 29. 84
N, 62.22+1.23 64.4141.29 63. 32 31.6640.79 28.72+0.69 30. 19
N, 63.29+0. 66 66.10+0.58 64.69 32.204+0.43 29.20+0. 47 30.70
Fq 40. 82" 3.53 21.78" 54,47 1.41 17.083™
F« 6.59 4. 64 6.67 4.99 0. 81 3.04
Fsxx 7.76" 5. 04 10. 84 ™ 7.09" 2.90 7.047

TE S, REFF BT 5 Sp A AT 1 5 N 3 MU 0 N2 22 BENESE 0 1506,

MR, TR,

x Fl % AP PIFER P<<0. 05 Al P<<0. 01 /K V-AE1E B &

Note: S;, straw leaving; S, straw returning; N;, conventional nitrogen fertilizer; Ny, tiller fertilizer nitrogen enrichment.

* and ** indicate significant differences at levels of 0. 05 and 0. 01, respectively. The same below.
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AR KB 8 /NE B B 2 7R AN [R) A B 22 () 22 57 35 8 d 3 (P<<0. 01 ALl 3 (P<<0. 05) K, T,

Different uppercase and lowercase letters indicate extremely significant ( P<C0. 01) and significant (P <C0. 05)

between different treatments. The same below.

B 1
Fig. 1
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Biological yield (a) and grain yield (b) of rice under the interaction

of straw returning and tillering fertilizer increasing nitrogen
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Table 3 Comparison of accumulation and transport under different nitrogen
. TR/ (g/%) Tz i/ (g/ 8D
it Accumulation Performance transport volume
Treatment

2020 4 2021 4F FH Average 2020 4F 2021 4 S Average
S 0.629+0.010 0.59140.018 0.610+0.009 .210£0.025 0.171+0.011 0.19140.011
S, 0.552+0.023 0.554740.024 0.553+0.011 .166=+0.016 0.20540. 015 0.18540.009
N, 0.569+0. 034 0.54640.018 0.557%+0.013 .17240.013 0.185+0.010 0.17940. 006
N, 0.61240.017 0.60040.016 0.606=40. 008 .2044£0.030 0.19140.022 0.19740.012
Fs 109. 601" 9.023" 62. 800" 5.273 6.094" 0.185
Fy 34,5957 19.165™ 45,7797 2.855 0. 150 2.558
Fsxx 14.730™ 1.708 9.497™ 0.959 0.759 0.083

. FUIL 18 TR/ Y FHFR B N4/ (g/ #D
I3 Performance transport contribution rate Spike increase
Treatment

2020 4F 2021 4F 14 Average 2020 4F 2021 4 14 Average
N 46.54+6.06 44,724+2.53 45.63+2.23 .380+0.011 0.26840.014 0.32440.018
S, 41.79+3.78 55.03+3.02 48.41+2.58 .341£0.016  0.265+0.008  0.303740.013
N, 41.91+£2.70 50.87+3.48 46.39+2.01 .351£0.023  0.264%+0.007 0.307=%0.015
N, 46.43+6. 64 48. 8844, 89 47.65+2. 81 .3714£0.008 0.26940.014 0.32040.016
Fyq 0.97 11.66" 0.95 17.011™ 0.093 8.121°
Fy 0. 88 0.43 0. 20 4.551 0. 204 2.893
Fsux 2.04 0. 06 1.17 8.709" 1.391 7.74°
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Fig. 3 Nitrogen accumulation (a) and spike nitrogen increase (b) of rice under the two-factor

interaction between straw return and tiller fertilizer nitrogen increase
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Table 4 Comparison of utilization efficiency under different nitrogen fertilizer treatments

. e FI IR/ (kg/kg) WU R/ %%
Ab i Agricultural utilization rate Absorption utilization rate
Treatment

2020 4F 2021 4F S Average 2020 4F 2021 4 S Average
S 19.3840. 42 16.67=+0.83 18.03+0.51 47.46+1.15 44.62+1. 84 46.04+0. 85
S, 17.12=£0. 35 15.8540.56 16.4940. 29 37.66+2.32 39.904+2.51 38.78+1.20
N, 18.32+1.02 16.32+0. 89 17.32+0.55 40.77+4.36 39.77+2.35 40.27+1.68
N, 18.1940.53 16.2040.58 17.2040. 40 44,34+2.09 44,.75+1.92 44.55+0. 96
Fs 55.84" 1. 50 17.55™ 111.50™ 9.38" 65.19™
Fy 0.18 0.03 0.11 14.76 ™ 10.49" 22.63"
Fsun 8.06" 2.98 7.52"7 16.12™ 1.96 10.70™

. A IR F 2/ (kg/kg) WA= 71/ (kg/kg)
i 5 Physiological use rate Partial factor productivity
Treatment

2020 4F 2021 4F 14 Average 2020 4E 2021 4F SE1 Average
S 40.89+1. 14 37.48+2.11 39.1940. 96 41.4040. 68 36.9340. 99 39.1740.79
S, 45.82+2.34 40.03+£2.29 42.92+1.41 39.1440. 28 36.1140. 45 37.6340.49
N, 45.58+2.55 41.144+1.58 43.36+1.21 40.82+1.02 37.0340. 89 38.9240.73
N, 41.13+£1.06 36.3741.98 38.75+1.04 39.7240.53 36.0240.58 37.8740. 62
Fsq 25.13" 2.03 13.43" 55.76" 1.50 17.55™
Fy 20.53" 7.15° 20.50" 13.19" 2.27 8.22"
Fsun 6.44" 0.03 1.16 8.06" 2.98 7.52"7
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Fig.4 Nitrogen agronomic utilization (a), uptake utilization (b) and partial factor productivity (c)

of rice under the two-factor interaction between straw return and nitrogen application
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