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Effects of different cultivation management modes on dry matter
accumulation, nitrogen uptake and yield of winter wheat

MA Ying-Hui, WANG Ling-Min, YE You-Liang, ZHU Yun-Ji
(College of Resources and Environment, Henan Agricultural University, Zhengzhou 450002, China)

Abstract The effects of different cultivation management modes on dry matter accumulation, distribution, nitrogen (N) uptake, N
use efficiency (NUE) and yield of winter wheat in Henan Province were investigated in a field experiment in Wenxian County in
2009—2011. The experiments aimed to provide theoretical basis for cultivation management mode of winter wheat in the Wenxian
region of Henan Province. The four different cultivation management modes used were conventional management (T1, conventional
management mode in the region), optimized management mode 1(T2), high-yield management (T3), optimized management mode
one the base of T3 (T4). Compared with T1, T2 with fertilizer applications at basal and jointing stages enhanced time and rate of
rapid dry matter accumulation, grain dry matter accumulation, stem and leaf N transport to grain and per-ear grain and kernel weight.
This resulted in higher output and efficiency. Also compared with T3, T4 reduced fertilizer dose, increased grain weight by improving
N translocation amount and contribution rate to grain of leaves after anthesis and maintained grain yield while improving nutrient
efficiency. Compared with treatments T1 and T2, T3 and T4 improved rapid dry matter accumulation and N translocation from stem
and leaf storage to grain after anthesis. Based on the results, T2 was worthy cultivation mode under the present production
management conditions. Treatment T4 was both the high-yield and high-efficiency cultivation management mode under high-yield
conditions.
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Table 1 Experiment treatment and design
Treatment
Item ;Zﬂllrlrllz;;ffn Conventional Optimizedl High-yield Optimizedz
management (T1) management 1 (T2) management (T3) management 2 (T4)
25 cm, , 25 cm, , 25 cm, ,
Cultivation Rotary tillage and Deep plowing Deep plowing Deep plowing to
echnique harrow pressure, not to 25 cm, fine soil to 25 cm, fine soil 25 cm, fine soil preparation

compact after seeding

preparation and compact

preparation and compact

and compact after seeding

after seeding after seeding

Seeding rate (kg-hm 2 187.5 150 120 120
N 225 180 300 240
Fertilizing P,0s 75 75 150 90
amount
(kghm™) K>,O 60 60 150 90
ZnSO0y4 0 0 15 15
Organic fertilizer 0 0 3000 3000
N 1:1 111 101
Fertilizing technique Basal fertilization 1 : 1ofbasal ! dressingat 1 : 1 ofbasal : dressingat 1 : 1 ofbasal . dressing at
jointing fertilizations jointing fertilizations jointing fertilizations
L . 900 600 600 600
Irrigation Irrigation after sowing
amount
(m*hm™) Irrigation at regreening 900 o o o
Lo S — 900 900 600
Irrigation at jointing
900 900 900 600

Irrigation at anthesis

R2 FRHBBEERAMNNETYRREAFRRBXSHHEI

Table 2 Effects of cultivation management modes on Logistic equations and their parameters of wheat dry matter accumulation

Year Treatment Equation to t t Vin R F At
2009— Tl y=6.18/[1+¢4-005Y] 154 127.0 179.9 3.09d 0.864 25417 53
2010 T y=6.29/[ 1+¢(7-50-0:0470; 161 132.7 189.2 3.14¢ 0.869 26.53" 57
T3 y=10.92/[1+¢7-10-0:0420 169 137.7 200.4 5.46a 0.889 32.04™ 63
T4 y=10.35/[1+¢742-0:0460) 162 133.5 191.2 5.17b 0.879 29.06™ 58
2010— Tl y=5.37/[1+e435-0030] 140 97.8 182.8 2.69¢ 0.839 20.84" 85
2011 T2 y=7.66/[ 1+e429-0030 156 108.1 203.9 3.83b 0.858 24.17" 96
T3 y=9.19/[ 1+¢*27-0030 165 114.4 216.5 4.59a 0.844 21647 102
T4 y=9.27/[ 1+e**7-0030 167 115.6 218.9 4.63a 0.860 2457 103

t @,y (& Dt b Logistic

» Vi , F(1, 4)0.05=7.71, At

(g'plant™), tois days of the maximum dry matter accumulation rate occurred, t; and t, are two inflexion points of Logistic equation, Vy, is the maximum
increase rate of dry matter accumulation. F(1, 4)9.0s=7.71, At is the duration of the fast growth.

t is days after emergence (d), y is wheat dry matter accumulation amount
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Table 3  Effects of different cultivation management modes on wheat dry matter translocation and contribution to grain after anthesis

2009—2010 2010—2011
Treatment Translocation Translocation Contribution of dry matter Translocation Translocation ~ Contribution of dry matter
amount (kg-hm’z) rate (%) translocation to grains (%) amount (kg~hm’2) rate (%) translocation to grains (%)
T1 1363.2¢ 10.0d 18.0c 2613.9b 20.3b 31.6a
T2 2 191.4b 16.0c 25.9b 2941.2a 23.3a 31.8a
T3 2875.1a 20.3a 30.2a 2 813.5a 22.5a 29.8b
T4 2569.1a 19.3b 27.3ab 2983.7a 23.6a 31.2a

x4 TRFBEEEEANNEUREERETYRERERSEXHFIT
Table 4 Effects of different cultivation management modes on dry matter accumulation and distribution rate of
different organs after harvest

Accumulation (kg-hm’z)

Distribution rate (%)

Year Treatment Stem Leaf Grain Glume Stem Leaf Grain Glume
2009— Tl 7813.2a 1782.7a 7566.2¢ 2376.7a 39.99a 9.12a 38.72d 12.16b
2010 T2 7488.1b 1 602.3b 8 452.6b 2396.2a 37.49 8.20c 4232¢ 12.00b
T3 7186.9¢ 1753.3a 9519.9a 2388.1a 34.47b 8.41b 45.66b 11.45b
T4 6521.2d 1 660.5b 9416.0a 2684.1a 32.15¢ 8.19bc 46.43a 13.24a
2010— Tl 5956.7a 1971.0a 8 268.8b 2326.7a 32.16a 10.64a 44.64b 12.56¢
2011 T2 5251.6b 1709.6ab 9252.0a 2561.5a 27.96b 9.12b 49.28a 13.65ab
T3 5655.5ab 1 790.4ab 9435.4a 2589.8a 29.08b 9.17b 48.48a 13.28b
T4 5341.6b 1611.4b 9552.8a 2717.2a 27.80b 8.39b 49.69a 14.13a
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Table 5 Effects of different cultivation management modes on N translocation and contribution of different organs to grain after anthesis

N translocation (kg-hm’z) Contribution to grain (%)

Year Treatment Stem Glume Leaf Stem Glume Leaf
2009— Tl 39.52¢ 21.77ab 42.86¢ 23.74b 17.63a 27.08d
2010 T2 45.04b 27.24a 55.42b 26.83ab 17.55a 33.20c
T3 55.47a 17.41ab 67.71a 30.60a 9.41b 37.09b
T4 54.78a 12.96¢ 73.52a 30.87a 7.40b 41.98a
2010— Tl 47.62¢ 37.67b 49.63b 25.53b 20.69b 25.81d
2011 T2 51.60b 41.65a 51.78b 26.24b 21.20b 26.34¢
T3 55.06a 42.13a 57.21a 26.62ab 21.38b 26.94b
T4 55.75a 44.78a 59.59a 27.99a 25.12a 28.77a

F6 ARFBEERAMNNERRPERETRREREMSERHFI

Table 6 Effects of different cultivation management modes on N accumulation and distribution in different organs after harvest

N accumulation (kg-hm™) N distribution rate (%)
Year Treatment Stem Leaf Grain Glume Stem Leaf Grain Glume
2009— Tl 25.09b 17.87a 134.07d 13.70a 13.39a 9.56a 69.86¢ 7.19a
2010 T2 26.95b 13.92¢ 167.48¢ 8.58¢ 12.45a 6.43b 77.16ab 3.96d
T3 30.30a 16.26b 183.15a 10.61b 12.53a 6.80b 76.24b 4.43¢
T4 2439 14.54¢ 175.15b 10.61b 10.83b 6.46b 77.98a 4.73b
2010— Tl 31.45ab 2537a 182.36b 14.50b 15.89a 6.51a 71.88b 5.72bc
2011 T2 29.01c 19.71bc 196.54ab 16.91ab 13.95b 4.64b 74.97a 6.44ab
T3 35.62a 22.09ab 219.67a 14.63b 14.78b 5.05b 75.14a 5.03¢

T4 29.76¢ 16.26bc 207.17ab 19.77a 12.15¢ 4.70b 75.90a 7.25a
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Table 7 Effects of different cultivation management modes on wheat grain yield and fertilizer utilization efficiency
PFPN PFPP PFPK
Year Treatment Spike number (10*hm™) Grain number per spike 1000-kernel weight (g)  Yield ( kg'hm™>) (kgkg)  (kekgh  (keke™)
2009— Tl 643.50a 30.75¢ 45.04d 7 566.18¢ 33.63¢c 100.88¢c 126.10b
2010 T2 621.30b 33.08b 46.79¢ 8 452.56b 46.96a 112.70a  140.88a
T3 598.20c 37.48a 47.90a 9 519.90a 31.73d 63.47d 63.47d
T4 599.30c 36.73a 47.14b 9 416.04a 39.23b 104.62b 104.62¢
2010— T1 641.88a 37.03c 42.32d 8268.85¢ 36.75¢ 110.25b 137.81b
2011 T2 623.75b 38.71b 43.85¢ 9251.97b 51.40a 12336a  154.20a
T3 605.19¢ 38.73b 45.64a 9 453.37ab 31.45d 62.90d 62.90d
T4 603.90c 38.84a 45.00b 9 552.80a 39.80b 106.14¢ 106.14¢
PFPN: ; PFPP: ; PFPK: PFPN: partial factor productivity of nitrogen fertilizer; PFPP: partial

factor productivity of phosphorus fertilizer; PFPK: partial factor productivity from potassium fertilizer.
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