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Effect of sowing-mulching following subsoiling in fallow period
on wheat yield in arid area on the Loess Plateau

YANG Qing-shan, SUN Min, GAO Zhi-qiang, ZHANG Hui-yu, ZHANG Juan, LIANG Yan-fei, LI Nian-nian
(College of Agriculture, Shanxi Agricultural University, Taigu, Shanxi 030801, China)

Abstract: In order to better understand the effect of subsoiling in fallow period and sowing-mulching in growth
stage on soil water in wheat field and its relationship with the yield components, we studied the soil management
technology of retaining water and soil moisture for improving yield and water efficiency on dry land wheat. In 2014~
2016, a split field experiment was carried out in Wenxi County in Shanxi Province. The subsoiling in fallow period
and traditional farming ( contrast) were used, and other treatments included film-covering soil hole sowing (FSH) ,
film-mulch sowing (FM) and drilling sowing ( DS). The results showed that in the two experimental years, the sub-
soiling in fallow period significantly improved the soil moisture at the sowing stage. The moisture in the 0~300 cm
soil layer was between 24 ~33 mm more than that in the traditional farming; the water storage during the over-winte-
ring-maturity period was increased by 12% ~ 16%. In fallow period, soil water storage efficiency was significantly

improved by 18% ~24% , and the precipitation production efficiency was significantly increased by 6% ~11% , and
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water use efficiency was significantly increased by 15% ~23%. Compared with CK, the yields of subsoiling treat-
ment during fallow period in the two experimental years were increased by 12% ~16% , 18% ~24% , respectively.
Compared with DS, under the subsoiling conditions, yields of two coverage sowing modes significantly increased by
9% ~13% and 8% ~21%. Under the CK condition, the yield increased by 6% ~13%, 12% ~19%. During those
two experimental years, the wheat yield of FM was higher than FSH, and increased by 3% ~7%, 6% ~12% , re-
spectively. The precipitation production efficiency and water use efficiency were the highest among FM. Moreover,
the year had a significant effect on yield and spike number, and the tillage of subsoiling effect during the fallow pe-
riod was greater than the sowing mode effect. In addition, under the conditions of this experiment, the formation of
number of ears was significantly correlated to the soil moisture at the upper layer of soil in winter, the middle layer
of soil at jointing stage, and the deep layer of soil at booting stage. The formation of yield was significantly correla-
ted to the soil moisture in upper layer of soil in winter, upper and middle layer of soil at jointing stage, deep layer
of soil at booting stage and anthesis stage. In the fallow period, the tillage of subsoiling increased water storage and
production, for every 1 mm increased in soil water storage, the increase in moisture and yield during two years was
26 kg - hm™ and 46 kg + hm™, respectively, and the combination of FM contributed the highest yield. In short,
subsoiling during fallow period and coverage at growth stage were conducive to improve soil moisture before
flowering mainly by increasing number of spikes to achieve higher yield. Its effect in increasing yield in years with
less precipitation was more significant. Therefore, subsoiling in fallow period combined with FM during growth peri-
od is a better technique in obtaining high-yield, water-storage and high-efficiency cultivation.

Keywords: dryland wheat; subsoiling during fallow period; sowing-mulching; soil moisture; yield
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Fig.1 Precipitation at the experimental site in Wenxi
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Fig.2 Impact of subsoiling and CK on soil water storage in 0~300 cm depth during sowing stage of winter wheat
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Impact of sowing modes on soil water storage in 0~300 cm depth under different growth stages of wheat
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Table 1 Impact of subsoiling during fallow period and sowing-mulching on wheat yield and its component factors
. f 2 B/ (10* - hm™2 LP TR H/g #/(kg - hm™
i Year BHE Tillage ijfgjfn;zc ! z‘zlﬂ\lzurfaber of ear : Gra?nsifiber IOOOT:;% wbeighl o (Yiild :
FSH 477.02b 32.24ab 42.16ab 5524.05a
SS FM 497.44a 34.57a 42.58a 5684.83a
DS 456.90c¢ 31.04bc 42.63a 5051.73b
2014-2015
FSH 436.09d 31.16bc 41.08b 4761.41c
CK FM 454.27¢ 32.58ab 41.65ab 5074.65b
DS 428.62e 29.71c 41.76ab 4498.67d
FSH 443.85b 30.45ab 40.58ab 3932.43b
SS FM 461.24a 31.48a 40.73ab 4390.86a
DS 392.71d 28.34c 41.85a 3629.77d
2015-2016
FSH 389.42d 28.57c 39.67b 3340.69d
CK FM 406.64¢ 29.48bc 40.14b 3550.98¢
DS 361.32¢ 27.72¢ 41.04ab 2990.22¢
F {8 F Values
A3 Year 2628.68* * 145.53 " * 88.74"* 6841.41**
HHE Tillage 1928.40 " * 49.52" 38.77" 1424.22* "
i Sowing mode 742.09* * 59.83* 15.62" 429.61*
X HHE YearxTillage 2375 0.01 0.47 1.88
ARG F/EFITTR YearxSowing mode 74.76* 1.75 4.19 2.56
HHEX BRI 5 20 TillagexSowing mode 41.22%* 1.95 0.24" 453"
A HFVEXIEFI 730 YearxTillagexSowing mode 2.74 1.07 0.09 11.02* "

R FESIARRNG FRACRIE P=0.05 K TFZERBE, « Fl = = 55UCERTE P=0.05 I P=0.01 KFEREBE, T,

Note; Different lowercase letters in the same column indicate significant difference level at P=0.05. * and * * show significant level at P=0.05

and P=0.01, respectively. The same below.
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Table 2  Correlation coefficients between soil water storage of 0~300 cm soil layers

and yield component factors at key growth stages of wheat

AL P8 RS

TEHE/ em Number of ear Grains number T &

Soil depth AN B TR H T JFAEW 1000-grain weight

Wintering stage  Jointing stage Booting stage Jointing stage Booting stage Anthesis stage
0~20 0.8063 " 0.8440 " 0.8011 " 0.6050 0.7423 0.4856 0.5041
20~40 0.8510" * 0.8138" 0.7736 " 0.5712 0.7108 0.4148 0.3551
40~60 0.8750* * 0.9369 * * 0.8460 * 0.7623 * 0.8163 0.4775 0.5295
60~ 80 0.8923 " * 0.9254* * 0.7877 " 0.7871 " 0.7812" 0.7066 0.2710
80~ 100 0.9182" * 0.9477* * 0.8329 " 0.8014 " 0.7421 0.7163 0.5115
100~ 120 0.8100 " 0.9177** 0.8009 * 0.7935 0.6236 0.6851 0.3539
120~ 140 0.8223 " 0.9324* * 0.8463 " 0.8265 0.5683 0.6565 0.6688
140~ 160 0.7943 * 0.9275* ¢ 0.7551* 0.8085 " 0.5501 0.3587 0.1315
160~ 180 0.8017 " 0.7970 " 0.8165 " 0.6726 0.5645 0.4124 0.3156
180~200 0.7954 ¢ 0.8011" 0.8004 * 0.6644 0.7126 0.8184" 0.6644
200~220 0.8662 " * 0.8129* 0.8915* * 0.6308 0.8222°* 0.7587 " 0.5813
220~240 0.8227 " 0.8030 " 0.8432" 0.6508 0.8076 " 0.8373 " 0.6935
240~260 0.8702 " * 0.8591 " * 0.8776 " * 0.7144 0.8148 0.7767 " 0.7261
260~280 0.8179 " 0.8054 " 0.8925" * 0.7114 0.7591 " 0.7827 " 0.7168
280~300 0.8095 * 0.7776 * 0.9082 " * 0.7094 0.8027 * 0.8220 " 0.5822
x3 MEBEERIP0~300 cm ELETEEKESFE=HHEXYE

Table 3 Correlation coefficients between soil water storage of 0~300 cm soil layers and yield at different growth stages of wheat

T BB/ em A P ZE I iRz ] JAH
Soil depth Wintering stage Jointing stage Booting stage Anthesis stage Maturity stage

0~20 0.8870 " * 0.8676 " * 0.8707 * * 0.7337 -0.0384
20~40 0.9103* * 0.8475" 0.8282 " 0.6755 -0.1953
40~ 60 0.9186" * 0.9351" " 0.9143" * 0.7794 " 0.1105
60~ 80 0.9352* * 0.9421* " 0.8250 " 0.8032 " 0.0721
80~100 0.9499 * * 0.9525* " 0.8907 * * 0.9248 " * -0.2561
100~ 120 0.8660 * * 0.9414* " 0.8632" * 0.8152* 0.1413
120~ 140 0.8981 " * 0.9318* * 0.8556 " * 0.9284 " * 0.1174
140~ 160 0.8535" " 0.9552" " 0.8199 " 0.6394 -0.1128
160~ 180 0.8562* * 0.8768 * * 0.8672% * 0.5699 -0.2528
180~200 0.8708 * * 0.8718* * 0.8537** 0.9373 " * -0.0766
200~220 0.8884 " * 0.8456 " 0.9256 " * 0.8365 " -0.0184
220~240 0.8696 * * 0.8629 * * 0.8949 " * 0.9908 * * 0.5002
240~260 0.9306 " * 0.9161" " 0.9284 " * 0.9419" " 0.5972
260~ 280 0.8669 * * 0.8650 " * 0.9315" " 0.9380 " * 0.4832
280~300 0.8504 " * 0.8408 * 0.9426" * 0.9476 " * 0.3551
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Table 4 Impact of soil water accumulation on yield and water use efficiency of subsoiling during fallow period and sowing-mulching
R R TR F%/Kif':iﬂl% KRR
My BHE L X AY AY/AW Water storage Rainfall production Water use
! Sowing Yield AW/mm - s 4 . .. ..
Year Tillage mode (kg - hm’z) /(kg - hm™2) /(kg - hm™ - mm™") efficiency efhciency i efflciency )
/% /(kg+hm™? « mm™)/(kg - hm™? - mm™")
FSH 5524.05a  35.25 762.64 21.64ab 10.69a 12.28a
SS FM 5684.83a  24.15 610.18 25.63a 55.27 11.00a 12.65b
2014- DS 5051.73b  39.68 553.06 13.95b 9.78b 11.44¢
2015 FSH 4761.41c¢ — — 9.22¢ 11.07d
CK FM 5074.65b — — 46.24 9.82b 11.46¢
DS 4498.67d — — — 8.71d 10.83e
FSH 3932.43b  26.79 591.74 22.48b 10.17b 9.65b
SS FM 4390.86a  18.35 839.88 46.06a 52.90 11.35a 10.66a
2015- DS 3629.77d  30.16 639.55 21.53b 9.38 ¢ 9.11c
2016 FSH  3340.69d — — — 8.64d 8.39d
CK FM 3550.98¢ — — — 26.39 9.18¢ 8.64d
DS 2990.22e — — 7.73e 7.80e

TE AW BTGB AY B 0 AY/ AW ARG B3 72280

Note: AW, Storage increase; AY: Storage capacity increase; AY/AW. Increase storage and production efficiency during fallow period.
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