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Regulatory effects of mulching in fallow period and phosphorus
fertilization on soil reservoir of dryland wheat

GAO Yanmei, SUN Min, GAO Zhiqiang, REN Aixia, ZHAO Hongmei, LI Guang,
YANG Zhenping, ZONG Yuzheng, HAO Xingyu

(College of Agriculture, Shanxi Agriculture University, Taigu 030801, China)

Abstract To explore the effects of water-osmotic plastic film mulching in fallow period and phosphorus fertilization on soil water
storage and movement, grain yield and water use efficiency of dryland wheat, field trial was conducted in Wenxi County, Shanxi
Province. A split plot design was used in the trial and the mulching condition assigned to the main plot and the phosphorus
fertilization rate assigned to the sub-plot. The experiment included three phosphorus fertilization levels during wheat growth period,
which were 75 kg(P,0s)-hm™, 112.5 kg(P,0s)hm™ and 150 kg(P,Os)hm™. Two mulching conditions were set up for each
fertilization treatment — water-osmotic plastic film mulching and no mulching in fallow period. Each mulching-fertilization
treatment replicated three times. The results showed significant increase in soil water storage in the 0—100 cm layer under mulching
treatment from sowing stage to booting stage. The soil water storage increased 38—41 mm at sowing stage compared with no
mulching treatment. Increased phosphorus fertilization rate enhanced soil water storage from wintering stage to booting stage, it
especially obvious for the 40—100 cm soil layer at elongation stage. Water-osmotic plastic film mulching in fallow period promoted
decrement of soil water and its percentage of that of the whole growth period from sowing stage to elongation stage, and inhibited
soil water decrement from elongation stage to anthesis stage. Increasing phosphorus fertilization rate significantly enhanced soil

water decrement and its percentage of that of the whole growth period from elongation stage to anthesis stage. The decrement of soil
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water in 80—100 cm layer also increased significantly from anthesis stage to maturity stage with the increased phosphorus fertiliza-
tion rate. Under mulching treatment, wheat yield increased 1 452 kg-hm™, water use efficiency improved by 16%, compared with
those of the no mulching treatment. With the increasing of phosphorus fertilization rate, both yield and water use efficiency improved
significantly. Under the combination of mulching and phosphorus fertilization, the decrement of soil water in 60—100 cm layer from
elongation stage to anthesis stage and that in 80—100 cm layer from anthesis stage to maturity stage significantly correlated with
wheat yield. These results suggested that mulching in fallow period in dryland be beneficial for water storage and conservation of
rainfall in fallow period, which made it possible for wheat to use the rainfall in fallow period in spring and summer. Mulching in
fallow period was also helpful for wheat to absorb soil moisture in early and middle growth periods. Increasing phosphorus
fertilization improved wheat absorbing soil moisture in deep layer in later growth period. Mulching in fallow period combined with
150 kg(P,0s)-hm™ phosphorus fertilization in dryland wheat improved soil water retention capacity, increased wheat production and
efficiency.

Keywords Dryland wheat; Fallow period; Mulching; Phosphorus fertilization rate; Soil water; Yield
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Table 1 Precipitation at different wheat growth stages at the experimental site in Wenxi County mm
Year Fallow period Sowing—wintering  Wintering—elongation  Elongation—anthesis ~ Anthesis—maturity Total
2005—2011 256.6+76.1 43.6+12.0 32.8+13.3 32.1+4.8 62.0+5.5 427.0+£63.4
2011—2012 459.9 137.4 28.2 20.5 27.1 673.1
: 6 —10 ; — . 10 —11 ; 11 — 4
; — o4 —5 ; — .5 —6 Data are from Meteorological Observation Station of Wenxi County,

Shanxi Province, China. Fallow period: from the middle 10 d of June to the first 10 d of Oct.; sowing—wintering: from the first 10 d of Oct. to the last
10 d of Nov.; wintering—elongation: from the last 10 d of Nov. to the first 10 d of Apr. in the following year; elongation—anthesis: from the first 10 d of
Apr. to the first 10 d of May; anthesis—maturity: the first 10 d of May to the middle 10 d of Jun.

8 25 , Wi (mm), W,
[150 kg(N)-hm™>, 150 kg(K,0)-hm™] 9 (mm)
29 , 225 hm™, 30 cm, WUE=Y/E,=Y/R,+AW) 3)
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Table 2 Effects of mulching in fallow period and phosphorus fertilization on soil water storage at sowing stage and different
growth stages of wheat

Mulch Phosphorus Sowing Wintering Turning green Elongation Booting Anthesis Maturity

method application level stage stage stage stage stage stage stage
M LP 241.39b 211.91b 195.32b 156.01d 118.20¢c 95.62ab 86.27ab
MP 245.51a 223.92a 217.36a 163.98b 127.92b 91.79¢ 82.86¢cd

HP 247.50a 225.79a 221.15a 172.01a 134.01a 89.55¢ 80.86d

NM LP 202.55d 187.70d 178.09¢ 146.46f 112.25d 96.77a 88.60a
MP 204.90cd 196.34¢ 195.88b 153.12¢ 120.79¢ 92.93bc 84.72bc
HP 205.74¢ 196.91¢ 196.12b 159.43¢ 125.05b 91.51c 83.29¢cd

M: s NM: ; LP: [75 kg(P,05)-hm™>]; MP: [112.5 kg(P,05)-hm™]; HP: [150 kg(P,05)-hm™]
0.05 s M: water-osmotic plastic film mulching; NM: no mulching; LP: low phosphorus treatment

[75 kg(P,0s)-hm™]; MP: moderate phosphorus treatment [112.5 kg(P,Os)-hm™]; HP: high phosphorus pentoxide treatment [150 kg(P,Os)-hm™].
Different letters in the same column mean significant difference at 0.05 level. The same below.
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Table 3 Effects of mulching in fallow period and phosphorus fertilization on soil water reduction at different growth periods
and percentage of reduction during whole growth period of wheat

— Sowng—elongation Elongation—anthesis — Anthesis—maturity
Mulch Phosphorus
method application level Decrement Percentage Decrement Percentage Decrement Percentage
(mm) (%) (mm) (%) (mm) (%)
M LP 85.38a 55.04a 60.38d 38.93d 9.36a 6.03a
MP 81.53b 50.12b 72.19b 44.38¢ 8.94a 5.49a
HP 75.49¢ 45.30c 82.46a 49.49b 8.69a 5.2la
NM LP 56.09d 49.22b 49.6%9¢ 43.61c 8.17a 7.17a
MP 51.78e 43.09¢ 60.19d 50.08b 8.21a 6.83a
HP 46.31f 37.82d 67.92¢ 55.47a 8.22a 6.72a
= / x100% Percentage = soil water reduction amount at different growth
stages/soil water reduction amount of the whole growth periodx100%.
2.2 0~100 cm 100 cm ,
20~100 cm s
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Fig. 1 Effects of mulching in fallow period and phosphorus fertilization on soil water storage in different soil layers at the
stages of sowing, elongation and anthesis of wheat
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Table 4 Effects of mulching in fallow period and phosphorus fertilization on soil water reduction amount in different soil layers in
different growth periods of wheat

Soil depth (cm)

Growth period Mulch method Phosphorus application level 0~20 20~40 40~60 60~80 80~100
— M LpP 30.60a 23.82a 21.30a 12.62a —2.96bc
Sowing-clongation MP 2681b 20556 21.84a 12952  —0.63a
HP 26.56b 21.16b 17.96b 9.83b —0.02a
NM LP 20.36¢ 18.44c¢ 12.93¢ 6.59¢ -2.22b
MP 19.07d 17.36¢d 12.66¢ 5.78cd -3.10c
HP 17.80e 16.69d 9.81d 4.89d —2.88bc
— M LpP 8.67d 11.57e 9.94b 13.44c 16.76¢
Elongation-anthesis MP 12.03bc  15.02b  10.24b  15.04b  19.86b
HP 12.62ab 16.35a 14.49a 17.37a 21.63a
NM LpP 10.97¢ 11.15¢ 8.17¢ 8.48¢ 10.92¢
MP 13.00ab 13.66d 9.61b 10.94d 12.97d
HP 13.30a 14.49¢ 14.13a 12.63¢ 13.37d
— M LP 4.0la 2.62ab 0.13b 2.04a -0.61c
Anthesis—maturity MP 3.80a 3.38a 0.90ab  0.50b 3.22b
HP 3.53ab 2.03ab 0.94ab 1.70a 5.3%9a
NM LP 1.66b 1.65b 1.63a 1.61a -7.91e
MP 1.65b 1.66b 1.64a 1.63a —4.83d
HP 1.64b 1.66b 1.66a 1.63a —4.18d
100 cm ; — 80~100 cm (95
, 0~60 cm 2.4
s , — R — 20~80 cm
0~80 cm , — 20~80 cm
, — 0~80 cm , — — 60~100 cm
( 4 , 80~100 cm
80~100 cm (6
* 3 e 5%
, , 3.1
, 940~1 452 kg'hm™,
6%~16% , : el :
s > >
[17]
> 5
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Table 5 Effects of mulching in fallow period and phosphorus application on yield and water use efficiency (WUE) of wheat
Mulch Phosphorus Soil water storage Soil water storage Total water Yield WUE
method application level at sowing (mm) at maturity (mm) consumption (mm) (kg-hm™) (kg-hm™mm™")
M LP 241.39b 86.27ab 368.32¢ 5310.65¢ 14.42¢
MP 245.51a 82.86¢cd 375.85b 5631.55b 14.98b
HP 247.50a 80.86d 379.84a 6315.50a 16.63a
NM LpP 202.55d 88.6a 327.15¢ 4 068.03f 12.43d
MP 204.90cd 84.7bc 333.38d 4 691.83e 14.07¢

HP 205.74¢ 83.2cd 335.65d 4 862.60d 14.49¢
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Table 6 Correlation coefficients between soil water reduction
in different soil layers at different growth periods and yield

SOi(ICS:)pth Sowing—elongation Elongation—anthesis Anthesis—maturity
0~20 0.661 4 0.070 2 0.784 2"
20~40 0.5775 0.748 0 0.522 6
40~60 0.6413 0.622 4 -0.589 7
60~80 0.629 7 0.991 6 -0.180 8
80~100 0.735 1 0.977 3" 0.984 0"
*kE 5% 1% * and ** denote significant

correlation at 5% and 1% levels, respectively.
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