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Effects of long-term application of manure and fertilizers on grain quality and

yield of winter wheat

JIANG Dong', DAI Ting-Bo', JING Qi', CAO Wei-Xing', ZHOU Qin', ZHAO Hui', FAN Xue-Mei',
CHEN Rong-Zhen?, FENG Guo-Hua’, LIU Dong-Tao?, ZHANG Ai-Jun® (1.Key Lab. of Crop Growth Regulation
MOA. Nanjing Agricultural University, Nanjing 210095, China; 2. Xuzhou Institute of Agricultural Sciences, Xuzhou 221121, China). Acta
Ecologica Sinica,2004,24(7) :1548~1555.

Abstract: The improvement of grain quality and yield is key in China’s wheat production. Both grain quality and yield depend on
used genotype, growth conditions including soil fertility, as well as crop management, especially nutrient management. Long-
term fertility experiments facilitate research on the effects of nutrient management on wheat yield and quality. The long-term
effects of nutrient management on wheat yield have been reported in literatures, but effects on grain quality are less known. In
the present paper, a 20-year nutrient management experiment with wheat-maize double cropping system was used to investigate
the effects of manure and fertilizers on grain yield and quality in different winter wheat (Triticum aestivum 1..) cultivars,
during three growing seasons from 2000 to 2003. The eight nutrient management treatments included: a control without supply
of external nutrients (CK), only N fertilizer (N), N and P fertilizer (NP), N, P and K fertilizer (NPK), only manure (M),
manure and N fertilizer (MN), manure and N and P fertilizer (MNP), manure and N, P and K fertilizer (MNPK). In the 2000
~2001 season, the gluten rich cultivars Wanmai 38 and Yan 2801 were used, while in 2001~2002 and 2003~2003, the gluten
rich cultivars Yan 2801, Xuzhou 26 and the gluten poor cultivar Xuzhou 25 were used. The main effect of manure was
significant for grain yield, while it was insignificant for most quality traits. The main effects of fertilizer and the interaction

between manure and fertilizer were significant on both grain yield and major grain quality traits. The long-term application of
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manure in combination with fertilizers had more effect on most of the quality traits compared to the fertilizer treatments only.
The results indicate that the combined use of organic and inorganic nutrient sources favors the quality of gluten rich wheat
varieties, but reduces the quality of gluten poor wheat varieties. Soil organic matter, total N, available P and available K in the
soil were not correlated with the major grain quality traits, but were significantly correlated with the grain yield of all varieties.
This suggests that mainly nutrient management and not soil fertility determined wheat grain quality in the present study.

Key words : winter wheat (T'riticum aestivum 1.. ) ; grain quality; manure; fertilizer; long-term experiment
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Table 1 Soil fertility status before sowing for different fertilization treatments in 2000 and 2001
2000 2001
Treatment (g/kg) (g/kg) (mg/kg) (mg/kg) (g/kg) (g/kg) (mg/kg) (mg/kg)
Organic Total Available Available Organic Total Available Available
manure nitrogen phosphorus potassium manure nitrogen phosphorus potassium
M 19.5 1. 33 71. 8 75.0 20.0 1. 64 69.4 73.4
MN 20. 2 1.43 64.7 67.9 20.5 1. 66 71.2 72.5
MNP 19.9 1.49 98. 6 79. 4 21.0 1.67 97.8 80. 1
MNPK 20.9 1.50 98. 4 95.2 21.5 1. 64 101.1 101. 0
CK 9.1 0.82 4.9 54.7 9.3 0.98 4.5 55.2
N 12.2 0.96 4.7 55.0 11.1 0. 85 3.6 49. 4
NP 13.3 0. 84 12.5 52.5 11.5 1. 06 11.8 48.9
NPK 12.5 0.91 13.1 65. 1 12.1 1.10 13.5 66. 4
» 1 . CK N
s 4 s 4 o
1.2
JIIM-54-11511 » GB/T14608-93 s JZSM

s JLZ-11 , GB/T 14607-1995 o GB5006-85
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Table 2 Effects of different fertilization treatments on contents of crude protein and starch in grains and yield in different wheat cultivars in

the 2001~2002 and 2002~2003 seasons

2001~2002 2002~2003
Treatment Variety 9% %) (kg/hm?) CZD) %) (kg/hm?)
Protein Starch Yield Protein Starch Yield
M Xuzhou 25 8.95 60.1 abed 3258 ] 9.7 1 64.3 a 4044 j
Xuzhou 26 10.87  ghi 57.8  bedef 2593 kil 13.00 fghi 58.0 ef 2606 1
Yan 2801 11.21  ghi 59.9  abcd 2828 k 12.83  ghij 62.9 abc 2811 kil
MN Xuzhou 25 13.10  bed 58.0  bedef 4827  ef 12. 47  hij 57.3 f 5588 ef
Xuzhou 26 11.56  fgh 58.1 abcdefl 4987  def 15.22  be 60.2 de 6474  abc
Yan 2801 13.59  abced 56.3 def 5650 ab 13.78  defg 60.7 cd 5968 cde
MNP Xuzhou 25 11.73  efg 57.0  cdef 5185 cde 13.35 efgh 61.2 bed 5990  cde
Xuzhou 26 13.84 abc 60.3 abc 5306  Bed 15.61 b 59.8 de 6746 ab
Yan 2801 13.59  abcd 58.6  abcde 5591 ab 14.13  cdef 59.5  def 5942  de
MNPK Xuzhou 25 11.58 fgh 61.2 ab 5425  be 12.08 ijk 63.1 ab 6756 ab
Xuzhou 26 13.17  bed 58.0  bedef 5648 ab 14.66  bed 59.9 de 6864 a
Yan 2801 14.11 ab 55.5 ef 5953 a 13.95  defg 59.2  def 6270  bed
CK Xuzhou 25 10.25 i 61.8 a 821 m 11.03 k 51.5 gh 1472 mn
Xuzhou 26 12.85 «d 56.6  cdef 718 m 14.73  bed 48.1 i 1121 n
Yan 2801 12.96  bed 54.3 f 793 m 12.25  hij 53.3 g 1339 mn
N Xuzhou 25 11.66  fgh 59.6 abed 2374 1 11.66  jk 52.3  gh 2407 1
Xuzhou 26 13.80 abc 58.1 abcdef 2639 kil 17.11 a 47.9 1 1727 m
Yan 2801 14.38 a 58.4  abcde 2696 kil 14.51  bede 51.2 gh 3108 k
NP Xuzhou 25 11.19  ghi 60.4  abc 3359 ] 12.02  ijk 50.2 hi 4855  hi
Xuzhou 26 13.49  abed 59.1 abcde 4072 hi 14.13  cdef 48.3 i 5010 ghi
Yan 2801 12.56  def 59.6 abed 3868 i 13.38 efgh 51.9 gh 4565 i
NPK Xuzhou 25 10.49  hi 61.9 a 1428  gh 12,17 ij 53.1 g 5165 fgh
Xuzhou 26 11.22  ghi 57.1  cdef 4341 gh 15.24  be 48.9 1 5284 fgh
Yan 2801 12.77  cde 57.0  cdef 4642 fg 14.58  bed 48.5 1 5384 fg
F-value M 0.03 0. 05 649.36" * 3.6 1. 06 612.92*
1 21.237 " 1.11 1021.75% % 32.1%* 1.2 342.73* "
\ 82. 77" 15.5*~ 12.13** 151.82"* 22.43" " 8.23""
M X1 15.35" " 2. 38 45.93" " 9.72" " 2.62 33.99" "
MXV 3.98" 4.607 3.537 3.39" 4.94~ 13.82"
IXV 6.05" " 4.55" 7 5.79" " 3.51" 6.68" " 13.477~
MXIXV 4.747 7 2.58" 2. 34 3.5°° 3.16" 1.18

ﬁooz(M):lg- 59 1’003(1):3 49, F()A();(V):& 297 Ii‘oAQS(MXI):S- 497 bvo,[)g(MXV):3~ 297 1“[),0;(I><V):2~ 4, boo;(MXIXV):
2.45 Fo.on(M)=98.5, Fo.01(ID=5.95, Fo.01(V)=5.34, Fo.n(MXID=5.95, Fo.ont (IMXV)=5.34, Fo.00(IXV)=3.43, Fo.ot (MXIXV)=
3.43. Small letters refer to differences at significant level of 0. 05
2
2.1 N
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. Table 3 Effects of different fertilization treatments on contents of
. 2001~2002 2002~ 2003 crude protein and starch in grains and yield in two wheat cultivars in
the 2000~2001 season
’ % % (kg/hm?)
o 2000~2001 Treatment Variety Protein Starch Yield
»M  CK o 2001~ Wanmai 38  11. 40 gh 57.7 abe 3324 h
2002 2002~2003 s M CK s Yan 2801 13. 17 def 48.5 e 3592 gh
(2002~2003 2801 MN Wanmai 38 16. 02 ab 58.9 abc 7995 b
). s Yan 2801 16.34a 48.3 e 7241 ¢
B MNP Wanmai 38 12.02 fgh 61.9 a 7904  be
2000~ 2001 2002~ 2003 M Yan 2801 13. 67 cdef 49.0 e 7705  be
CK 9.1~2.7 .  2001~2002 3.6~4.0 . MNPK Wanmai 38 14.44 bede  58.0 abc 7930  be
2001~ 2002 2002~ 2003 , Yan 2801 14. 76 abed 49.3 e 8675 a
CK Wanmai 38 11.29h 54.9 bede 1443 i
' Yan 2801 13.32cdef  60.1 ab 1529 i
’ N Wanmai 38 12.86 efgh  51.0 de 1202 elg
° Yan 2801 13. 28 cdef 56. 4 abced 3172 h
’ ’ NP Wanmai 38 13.01 efg 57.8 abc 4016 fg
o Yan 2801 14. 93 abe 57.8 abc 4671 ef
2.2 NPK Wanmai 38 13. 45 cdef 60.3 ab 4773 e
3 N N Yan 2801 12. 34 fgh 53.0 cde 5738 d
/ s F-value M 13.92 3. 26 530. 14" "
1 20.727 " 1.83 278.03" %
/ \ 9.78" "~ 20. 94" 0.71
MX1 19.51"~ 1.02 13.37**
/ ’ ' M XV 0.12 28.82"* 0. 50
2501 MNP ’ p XV 3.64° 2. 00 11.03* *
MXIXV 0. 50 2.59 1. 39
’ Fo.05(M)=18.5, Fo.05(1)=3.49, Fo.05(V)=14.49, Fo.05(M X
' ' 1) =3.49, Fo.os(MX V)= 4. 49, Fo.05(IX V) =3. 24, Fy05(MX 1
V) =5.29; Fo.ot (M)=98.5, Fo.o1 (1) =5.95, Fo.¢1 (V) =28.53,
° Fo.or (MX1)=5.95, Fo. (M XV)=28.53, Fo.tx (IXV)=5.29,
23 Fooo (M X1IXV)=5.29. Small letters refer to differences at
’ significant level of 0. 05
R N
¢ 5. 6) / ’
s / . M MN
/ s M MN CK N s CK N
/ . MNP  MNPK / N
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Table 4 Effects of different fertilization treatments on contents of protein components in wheat grain of different cultivars in the 2001~2002

season
(CZP) (GZD) (GZD) Y% /
Treatment Variety Albumin Globulin Gliadin Glutenin Gliadin/Glutenin
M Xuzhou 25 2.39 def 1. 07 cdef 2.75 1 2.91 bed 0.95 ef
Xuzhou 26 1.80 jkl 1.11 bede 2.58 fg 2.35 fgh 1.10 def
Yan 2801 2.10 fghij 1. 09 cdef 3.74 ab 2. 84 bede 1. 33 bedef
MN Xuzhou 25 1.67 Im 1.11 bede 3.12 cdef 2.31 fgh 1. 35 abcde
Xuzhou 26 2.22 efgh 1. 03 cdefg 3.46 bed 3.07 abc 1.13 def
Yan 2801 2.65 cd 0.86 defg 2.96 def 2. 86 bede 1. 03 def
MNP Xuzhou 25 2.03 ghijk 1. 08 cdef 3.69 abc 2.22 gh 1. 66 abc
Xuzhou 26 3.05 ab 1. 28 be 4.12 a 3.46 a 1.19 def
Yan 2801 1.90 hijkl 0.97 cdefg 3.51 bed 2.47 defg 1.42 abced
MNPK Xuzhou 25 2.32 efg 1. 01 cdefg 3. 34 bede 2.95 be 1.13 def
Xuzhou 26 3.06 ab 1. 15 bede 3.84 ab 3.24 ab 1.19 def
Yan 2801 2.71 ¢ 0.68 g 3. 38 bede 3.12 abc 1. 07 def
CK Xuzhou 25 2.16 fghi 0.85 elg 1.47 i 0.85 j 1.72 ab
Xuzhou 26 2.78 be 0.83 efg 1.47 i 1.14 1.29 cdef
Yan 2801 1.91 hijkl 1. 22 bed 2.98 def 2.71 cdef 1.09 def
N Xuzhou 25 1.48 mn 2.02 a 2.13 gh 1.95 hi 1.11 def
Xuzhou 26 1.74 klm 1.88 a 1.61 hi 3.02 abc 0.53 g
Yan 2801 1.66 Im 2.05 a 1.75 hi 1.94 hi 0.90 fg
NP Xuzhou 25 1. 94 hijkl 0.74 fg 2.83 ef 1.64 i 1.75 a
Xuzhou 26 3.15 a 1.47 b 3.78 ab 2.82 bede 1. 34 abcde
Yan 2801 3.10 a 1.12 bede 2.86 ef 2.85 bede 1. 00 def
NPK Xuzhou 25 1.34 n 1.31 be 2.84 ef 2.31 fgh 1. 24 cdef
Xuzhou 26 1.87 ijkl 1.23 be 3.72 ab 3.13 abc 1.18 def
Yan 2801 2.52 cde 0.68 g 2.94 def 2.40 efgh 1. 25 cdef
F-value M 16. 82 51. 68 97 0856 * 1369" 0.17
1 23.137 " 69.67" " OB * 59.07" 10. 89" *
\ 92.56" " 3.¥.2 6.13* 36.29"* 8.66"
M X1 28.08" " 815 . JTa* 12.69* 23.57"* 6.25" "
MXV 8.33"" 1. 62 0. 31 6. 84" 3.48
IXV 27.27 " 5.9% " 15. 58" " 14.3" 7 1.78
MXIXV 31.23" " 1. 69 1.75 8.2"" 2. 87

Data with two replications. Fo.05(M) =161, Fo.05(1)=4.76, Fo.05(V)=4.76, Fo.05(MX1)=6.63, Fo.os(MXV)=3.63,
Fo.0s AXV)=2.74, Fo.os(MXIXV)=2.74; Fo.01(M)=405, Fo.0:(1)=9.78, Fo.n(V)=9.78, Fo.t (M XI1)=6.23, Fo.n (MXV)=6.23,
Fo.o0t(IXV)=4.20, Fo.0 (MXIXV)=4.20. Small letters refer to differences at significant level of 0. 05
2.4

7 s B 2801 MNPK s
o 25  MNPK s
o ( 25 M MNPK
Do s N N 2801 s 25 o

[11]
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Table 5 Effects of different fertilization treatments on main quality traits of wheat flour in different cultivars in the 2001~2002 season

(s) (ml) (CZP) (CZP)
Treatment Variety Falling number = SDS-sedimentation volume Wet gluten content  Dry gluten content Gluten index
M Xuzhou 25 409 ¢ 38.5 f 21.1 8.2 ] 92.8  bede
Xuzhou 26 367 de 45.4  de 33.8 elg 11.6  efgh 93.7 abcde
Yan 2801 354  defg 43.0 e 33.2 g 12.0 defg 98.7 a
MN Xuzhou 25 451 ab 50.4 ab 30.7 h 10.7  hi 92.9  bede
Xuzhou 26 335 elg 50.6 ab 39.5 be 13.7 abc 93.9  abed
Yan 2801 362  def 43.4 e 39.7  be 13.3 abc 96.8 ab
MNP Xuzhou 25 435  be 51.2 ab 30.5 h 11.4  {ghi 93.6  abcde
Xuzhou 26 334 elg 50.8 ab 40.7 ab 13.5 abc 95.2 ab
Yan 2801 346  delg 43.6 e 39.4  be 13.1  bed 97.6 ab
MNPK Xuzhou 25 419 be 42.7 e 33.4 g 11.2  ghi 89.8 cde
Xuzhou 26 338 elg 49.7  abc 41.1 ab 13.7 abc 95.9 ab
Yan 2801 365  def 42.6 e 42.8 a 14.2 ab 96.3 ab
CK Xuzhou 25 437  abc 36.2 f 25.4 i 8.7 ] 92.7  bede
Xuzhou 26 294 h 45.7 de 36.8 d 12.6  cde 93.7 abcde
Yan 2801 343 delg 44.8 e 40.7 ab 13.3  be 88.7 e
N Xuzhou 25 467 a 51.5 ab 34.0 elg 11.6 efgh 88.9 de
Xuzhou 26 332 g 48.7  bed 43.3 a 14.6 a 94.3 abc
Yan 2801 333 elg 43.3 e 42.1 ab 14.0 ab 90.0 cde
NP Xuzhou 25 417 ¢ 51.0 ab 30.0 h 10.3 1 93.6 abcde
Xuzhou 26 320 gh 50.5 ab 36.2 de 13.4  abc 95.2 ab
Yan 2801 336 elg 44.6 e 36.0 def 12.5  cdef 95.5 ab
NPK Xuzhou 25 374 d 46.5 cde 29.0 h 10.3 i 94.9  abc
Xuzhou 26 340  defg 53.7 a 39.7  be 13.5 abc 96.7 ab
Yan 2801 352  defg 52.8 ab 37.2 «od 12.5  cdef 97.9 ab
F-value M 46.9" " 2.69 0.42 0. 28 1.16
1 3.647 46.29" * 30.21" " 12.417 " 4.33" "
\% 171.227~ 31.69" % 711. 69"~ 277.3* % 9.39" 7
M X1 0.68 12.17** 18.03* * 4. 32" 5.70"
MXV 1.40 3.19 0. 44 2.13 7.20" "
IXV 4.977 " 18.55* 7 11.00** 5.56" " 0. 88
MXIXV 4.85" " 1.26 6.87" " 1.27 2.08

["0,05(M):18.5, [’003(1)13 49, F()A(Js(V):3-29y F(on_')(MXI):3-49y 1“()_[);(M><V):3-297 F[)_(J;(IXV):2~4y Fo,()s(MXIXV):

2.45 Fo.on(M)=98.5, Fo.01(1)=5.95, Fo.01(V)=5.34, Fo.oan (IMXD =5.95, Fo.cn (IMXV)=5.34, Fo.n(IXV)=3.43, Fo. o (MXIXV)=

3.43. Small letters refer to differences at significant level of 0. 05
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Table 6 Effects of different fertilization treatments on main quality traits of wheat flour in different cultivars in the 2000~2001 season

(s) (ml) % %)
Treatment Variety Falling number SDS-sedimentation volume Wet gluten content  Dry gluten content Gluten index
M Wanmai 38 443  ab 58.7 e 29.1 f 10.8 ef 98.1 a
Yan 2801 366 fg 44.3 1 33.2 e 10.1 fg 96.1 ab
MN Wanmai 38 433 abc 66.7 d 34.2  de 10.9  def 95.7 ab
Yan 2801 375 elg 50.3 fgh 38.9 abc 11.8  bede 96.5 ab
MNP Wanmai 38 422 abc 71.0  be 41.4  ab 12.4  bed 95.7 ab
Yan 2801 379  elg 50.5 fgh 36.6 cde 11.2  cdef 94.4 ab
MNPK Wanmai 38 450 a 69.7 ¢ 40.4  abc 12.6 abc 95.1 ab
Yan 2801 406 bede 51.0 fg 40.5 abc 12.2  bede 97.4 a
CK Wanmai 38 362 g 64.0 d 25.9 f 8.3 h 98.3 a
Yan 2801 402 cdef 47.7 h 28.8 f 8.9 gh 94.4  ab
N Wanmai 38 284 h 70.8  be 38.4  abed 14.0 a 92.8 bc
Yan 2801 307 h 51.7 g 42.1 ab 12.8 ab 90.6 ¢
NP Wanmai 38 383  defg 73.2 ab 39.0 abc 12.1  bede 98.1 a
Yan 2801 418  abed 48.8 gh 36.1 cde 10.8 ef 85.7 d
NPK Wanmai 38 439  abc 74.3 a 42.9 a 12.5  bed 97.3 a
Yan 2801 411  bede 52.7 | 37.8 bed 11.3  bedef 95.1 ab
F-value M 6528.3" " 13.13 3. 31 0.12 42.62
1 51.39" " 46. 67" 50.28** 119.51** 6.62" "
\ 7.21" 1724.82" 4.53" 5.21" 17.15* "
M X1 33.12* % 2.51 19. 07" 11.747 6. 75" "
MXV 26.88" " 10.25* 0.63 0. 87 16.17**
IxXV 0. 86 11.25*~ 1. 01 7.42* " 6.06" *
MXIXV 2.13 0.17 1.72 0.95 2.71

Fo.05(M)=18.5, Fo.05(1)=3.49, Fo.05(V)=4.49, Fo.os(MXD)=3.49, Fo.os(MXV)=4.49, Fo 5(IXV)=3.24, Fo.s(MXIXV)=

. 29; F(onl(M):98-59 1"(on1(1):5- 95- 1“().()1(V>:8~ 539 ﬁ‘(]Aol(MXI):'\_)- 95, 1’001(M><V):8 537 1"(]A()1(I><V):5-29y 1‘001(M><I><V>:

. 29. Small letters refer to differences at significant level of 0. 05

7 2001~2002

Table 7 Effects of different fertilization treatments on dough rheological characteristics of wheat flour in different cultivars in the 2001~2002

season
%) (min) (min) (min) (B.U.) (B.U.) (B.U.)
. Water Dough Dough Dough Mixing Degree of Valorimeter
Treatment Variety X X . K 3 N K
absorption development time  stability time  broken-down time tolerance index softening value
M Xuzhou 25 59.9 2.0 1.9 3.4 90 140 36
Xuzhou 26 68. 3 2.6 2.0 3.8 100 145 38
Yan 2801 68. 3 4.0 4.4 8.2 40 75 53
MN Xuzhou 25 59.9 2.1 2 %5 3.8 55 90 43
Xuzhou 26 66. 0 3.7 3.5 6.4 50 100 50
Yan 2801 65.5 4.5 6.9 11.5 15 55 57
MNP Xuzhou 25 60.7 3 2.6 5.0 55 85 46
Xuzhou 26 66. 1 3.9 3.4 7.0 95 50
Yan 2801 66. 2 5.0 8.0 14.0 40 60
MNPK  Xuzhou 25 60.7 2.6 1.9 3.9 80 105 42
Xuzhou 26 65. 9 3.8 3.4 7.1 55 85 50
Yan 2801 66. 4 4.3 6.5 10.5 20 60 56
CK Xuzhou 25 60. 1 2.3 1.0 3.3 90 135 37
Xuzhou 26 66.5 2.8 1.8 3.7 120 160 34
Yan 2801 66. 9 3.7 2.5 5.7 90 155 45
N Xuzhou 25 60. 3 2.5 1.9 3.8 75 120 40
Xuzhou 26 65.9 3.2 3.1 5.7 70 130 42
Yan 2801 67.5 3.5 3.3 6.3 70 120 47
NP Xuzhou 25 60. 6 2.6 1.9 4.0 70 115 40
Xuzhou 26 66. 6 3.0 2.2 4.3 90 150 41
Yan 2801 67.4 3.6 3.3 6.3 80 140 44
NPK Xuzhou 25 61.4 2.4 2.3 4.5 60 95 42
Xuzhou 26 65.5 3.0 2.8 5.0 65 115 44
Yan 2801 68. 0 4.4 4.6 8. 4 40 90 53
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