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Abstract: A soil column experiment was conducted to study the winter wheat growth and yield un-
der effects of different soil wetting ( overall wetting, upper part wetting, and lower part wetting) and
fertilization (overall fertilization, upper part fertilization, and lower part fertilization). The plant
height and leaf area at tillering stage decreased significantly under lower part fertilization, compared
with those under upper part and overall soil fertilization, but had no significant differences under
different soil wetting. At jointing stage, the plant height was higher when the soil wetting and fertili-
zation were at same location than at different location, manifesting a synergistic coupling effect of
water and fertilizer. Lower part soil wetting and lower part fertilization decreased the root-, shoot-,
and total dry biomass significantly, upper part fertilization benefited the biomass accumulation of
winter wheat, and upper part soil wetting combined with upper part fertilization had an obvious cou-
pling effect on the shoot- and total dry biomass. Soil wetting and fertilization at same location in-
duced a higher ratio of root to shoot, compared with soil wetting and fertilization at different loca-
tion, and lower part soil wetting resulted in the maximum water use efficiency (WUE) , compared
with upper part and overall soil wetting. A higher WUE was observed in the soil wetting and fertili-
zation at same location than at different location, but a lower WUE was induced by lower part fertili-
zation. The grain number per spike under upper part and overall soil wetting was increased by
41.7% and 61.9% , respectively, compared with that under lower part soil wetting, and this yield
component under upper part and overall soil fertilization was also higher, compared with that under
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lower part fertilization. Upper part soil wetting and fertilization had an obvious coupling effect of wa-

ter-fertilizer on the yield and yield components ( except for 1000-grain mass). Different soil wetting

and fertilization affected the yield mainly through affecting the grain number per spike.

Key words: water-fertilizer spatial coupling; biomass; yield; harvest index; water use efficiency.
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Tab.1 Effects of different water and fertilizer coupling modes on plant height of winter wheat (cm)
LTI =V () 9= SrBER] AT AL -SRI e ]
Wetting Fertilization Tillering Jointing Flowering- Maturing
mode mode stage stage filling stage stage
A\ S 25.83a 35. 14ab 54. 14a 53.81a
X 20. 02b 31. 64ab 47.87a 55.03a
Z 27.88a 33.27ab 54.88a 54.47a
A S 26.22a 26. 90bed 52.04a 53.35a
X 18.92b 22.95d 50.23a 51.91a
Y/ 25. 88a 31. 14abe 50. 44a 50. 86a
B S 25.63a 32.07ab 55.53a 54.13a
X 21.40b 23.41cd 47.44a 55.72a
Y/ 26.02a 38.57a 56.03a 55. 84a
F1{H HEE 7730 Wetting mode 1.42 9.75** 0.45 5.38"
F value i 2 Fertilization mode 81.14** 13.98** 3.79* 1.15
HEE 5 Fxt AL 72 Wettingxfertilization 2.37 2.38 0.71 2.07

W2 3 AARIR I Overall soil wetting; A: | F ¥ Lower soil wetting; B: FJ T T Upper soil wetting; Z: #AJifi I Overall soil fertilization; S | JZ i il
Upper soil fertilization; X T2 AT Lower soil fertilization. ﬁﬁﬂmﬁ?ﬂ%%ﬁfﬁlﬂjﬁ%ﬂ%( P<0. 05) Different letters in the same column meant
significant difference among treatments at 0. 05 level. * P<0.05; * * P<0.01. 6] The same below.
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Tab.2 Effects of different water and fertilizer coupling modes on leaf area of winter wheat (cm’)

A Iy = AL Ty = ST BERH W WTE-HES I
Wetting mode Fertilization mode Tillering Jointing Flowering-filling
stage stage stage
w S 26. 64b 36.23a 43.08a
X 20. 63he 36. 80a 41.40ab
Z 26. 24b 37.73a 40. 42abe
A S 36.55a 39.90a 40. 53abc
X 17. 49¢ 33.80a 42.85a
Z 36.31a 33.02a 35.39he
B S 35.83a 40. 64a 42.10a
X 20. 69bc 39.93a 36. 38bc
V7 41. 60a 39.77a 42.37a
F1H 1B 757 3 Wetting mode 7.67%" 0. 86 4.77
F value JENE T3 Fertilization mode 28.95** 0.14 3.29
T3 it AL 7 X Wettingxfertilization 3.81" 0.18 1.17
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Tab.3 Effects of different water and fertilizer coupling modes on biomass accumulation and water use efficiency of winter

wheat
T3 Iy = TN T =X AR TP B Hh 1 BTy HE L VAR ES
Wetting mode Fertilization mode Root dry mass T¥y i Total dry Ratio of Water use
(g) Shoot dry mass biomass root to efficiency
(g) (g) shoot
W S 0. 16ab 1. 14bc 1. 30be 0. 14a 1. 65b
X 0. 14ab 1. 17be 1. 31be 0. 12ab 1.42b
Z 0. 15ab 1.49a 1. 64a 0. 10b 1.63b
A S 0. 13ab 1.29ab 1. 42ab 0.11b 2.43a
X 0. 06¢ 0.53d 0.59d 0. 12ab 2. 12a
Z 0. 12ab 0.99¢ 1. 11c 0. 12ab 2.47a
B S 0. 15ab 1.35ab 1. 50ab 0.11b 1.55b
X 0. 13ab 1.31ab 1. 44ab 0. 10b 1.43b
Z 0.17a 1.43ab 1. 60ab 0. 12ab 1.54b
F1E #3877 3 Wetting mode 16.72* * 34.21* " 42.75" " 1.79 53.15**
F value JifEJ7 2 Fertilization mode 10.54** 17.98** 23.03" " 0.18 37.62% "
Y 7 =it e 7 = Wettingx fertilization 2.67 12.38* 13.78* * 5.63 33.0%F
x4 AREKBEEARMZ/NEFTEMWRRIEL T
Tab.4 Effects of different water and fertilizer coupling modes on yield and harvest index of winter wheat
R 75 = T 77 =X TRLE T TERLEL TpE T Wk Tk
Wetting mode Fertilization mode 1000-grain Panicle mass Grain number Yield per Harvest
mass (g) (g) per spike column (g) index
w S 36. 26a 1. 13be 27.45b 10. 66b 0.40a
X 35.37a 0.93d 22.45d 8. 85d 0. 36ab
VA 37. 16a 1. 09bc 25.67¢ 10. 27¢ 0. 35abc
A S 34. 12ab 0.73f 17.33f 7.96e 0. 26d
X 34.19ab 0.73f 15.33¢g 6.41f 0.40a
VA 34.31ab 0. 84e 20. 67e 8.0le 0.30cd
B S 35.82a 1.07¢ 26.23c 10. 02¢ 0. 32be
X 36. 11a 1.16b 28. 34ab 10. 87b 0. 35abc
Z 36. 18a 1.28a 31.78a 11.87a 0. 35abce
FH 1238773 Wetting mode 9.76 519.32** 1808.96 * * 2108.50 * * 14.65%"
F value JEAE J7 32X Fertilization mode 3.39 56.43" " 195.32* " 147.80 " * 13.88" "
M 7 S 7 2 Wettingx fertilization 4.53 27.09** 108.59 * * 198.49 * * 16.26 " *
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