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Effects of different soil managements on soil temperature, moisture
and citrus growth during summer drought season

ZHANG Chaobo'’, LI Youfang'’, LI Sijing', YUAN Meng', LING Lili*, CHUN Changpin’, PENG Liangzhi'
(1 Citrus Research Institute, Southwest University/Citrus Research Institute, Chinese Academy of Agricultural
Sciences, Chongqing 400712, China; 2 National Citrus Engineering Research Center, Chongqing 400712, China)

Abstract: [Objective] To study the influences of different soil management methods on soil temperature, soil
moisture and Citrus reticulata growth in citrus orchard during summer drought season. [ Method] The
experiment was carried out in Beibei, Chongqing using Ziyangxiangcheng (Citrus junos Sieb. ex Tanaka)
Zhenwogan (Citrus reticulata cv. Orah) as the material. Four soil management systems, including rotary tillage
weeding (CK), mechanical weeding mulch (MWM), chemical weeding mulch (CWM) and weed living mulch
(WLM), were used during the summer drought seasons of 2016 and 2017. We measured the temperature at soil
layers of 0 (surface),10, 20 and 30 cm depth, the moisture at 0—10, 10—20 and 20—30 cm soil layers, the

maximum crack width of surface, citrus root activity and autumn shoot growth, and summarized the costs of
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different soil management systems. [Result] The shallower the soil layer, the greater the fluctuation of soil

temperature and water content. In general, the daily average temperature, maximum temperature and daily

temperature range of each soil layer under different soil managements were CK > CWM > MWM > WLM.

Under extreme high temperature weather (air temperature 41 °C), the highest soil surface temperatures of CK ,

CWM , MWM and WLM were 69.6, 45.6, 37.5 and 35.0 C, respectively. The water contents of different soil

layers were the highest in WLM and MWM, and the lowest in CK. The water content in 0—10 cm soil layer of

CK was significantly lower than those of other treatments. For both citrus root activity and autumn shoot

growth, the results were MWM > CWM > CK > WLM. The costs of different soil management systems were in
order of CK > WLM > MWM > CWM. [Conclusion] Considering the effect, cost and operability, the flat or

gentle slope citrus orchard should be practiced with MWM soil management during summer drought season.

Key words: Citrus reticulata; soil management; summer drought; soil temperature; soil moisture; root activity
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season in 2016
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Fig. 2 Variations of daily average temperatures at different soil depths under different treatments during summer drought
season in 2017
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Table 1 Daily ranges of temperatures at different soil depths under different treatments during summer drought season in

2016 and 2017 T
iy RS Y 0 cm 10 cm 20 cm 30 cm
year  Soil management {ii[f] Range +SD  Ji[fl Range x+SD Vu[fl Range x+SD Vil Range x+SD
2016 1 1.9~28.7 13.58+7.25a 0.6~7.4 3.59+1.93a 0.4~3.5 1.72+0.73a
2 0.9~12.1 6.04+£3.01c 0.5~42 2.16£0.90b 0.5~1.2 1.02+0.36b
3 1.3~18.0  9.79+4.67b 0.6~6.3 3.59+£1.65a 0.3~1.8 1.45+1.40ab
4 0.9~10.7 5.93+2.92¢ 0.4~3.7 2.02+1.02b  0.5~1.3 1.07+0.69b
2017 1 1.5~25.8 12.16+£7.35a 0.6~7.5 391+1.87a 0.4~3.7 1.93+0.83a 0.2~2.3 0.82+0.41a
2 0.9~13.4 5.69+2.89¢c 0.4~3.3 1.75+£0.71b  0.3~2.5 1.15+0.47b 0.2~1.1  0.59+0.21b
3 1.5~17.4  9.49+5.12b 0.4~7.7 3.29+1.79a 0.1~4.9 1.76+1.01ab  0.3~1.7 0.78+0.31a
4 0.4~12.9 4.36+2.40c 0.3~4.6 1.42+1.02b 0.3~2.1 1.02+0.64b 0.2~1.8  0.66+0.30b

1) AR R4y, B 51 2456 0 R N5 807 £ 2% (P<0.05, Duncan’s #%);2) 1: h#,2: P H B 4, 3. L 2 £ B £, 4.
ARAEFR
1) Different lowercase letters in the same column of the same year indicate significant difference (P<0.05, Duncan’ s method); 2)

1: Rotary tillage weeding, 2: Mechanical weeding mulch, 3: Chemical weeding mulch, 4: Weed living mulch
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Fig. 3 Variations of surface soil temperatures in different treatments under typical weather during summer drought season

in 2017
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#2 2017 FEETREERLEFRLELIRE S KE"

Table 2 Absolute water contents at different soil depths under different treatments after high temperature drought in

2017 wi%
tyn/d TIRE T
Days of drought Soil management 0~10 cm 10~20 cm 20~30 cm
10 i # Rotary tillage weeding 10.65+3.72b 16.69+3.08a 18.43+0.89a
578 % Mechanical weeding mulch 16.07+1.04a 17.55+3.96a 20.72+4.08a
b5 A H i 3% Chemical weeding mulch 13.17+5.04ab 16.57+2.77a 18.94+3.33a
H R4 H Weed living mulch 16.32+2.57a 17.78+4.34a 19.85+4.63a
15 & Rotary tillage weeding 8.13+2.01b 14.51+3.13a 17.47+4.40a
4575 3% Mechanical weeding mulch 15.32+1.95a 18.19+4.59a 20.57+3.82a
{2 X HiB 5% Chemical weeding mulch 13.38+1.58a 15.74+1.36a 17.85+2.12a
H A% Weed living mulch 15.020.96a 17.97+3.35a 20.29+5.19a

1) 48 RV B ] L R 940 S5 69 R R0 B S AR £ 2% (P<0.05, Duncan’s %)

1) Different lowercase letters in the same column of the same time indicate significant difference (P<0.05, Duncan’s method)
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Table 3 Effects of different treatments on the growth of autumn shoots of citrus during summer drought season

Ay g TR HIT A 2/ K /em FHLEZ /mm AR5 SPAD

Year Soil management  Shoot number Length Shoot diameter Leaf number

2016 1 47.57£8.68bc  28.51+4.02a 3.61£0.31b 15.4242.30a 51.50+3.73b
2 91.29+6.95a 23.28+2.36b 421+0.27a 14.67+3.66a 57.71+4.3%
3 56.57+11.48b  25.39+4.37ab 3.89+0.38ab 14.67+4.85a 58.66+4.91a
4 33.43+9.37¢ 26.59+3.73a 3.62+0.34b 15.83+3.79a 52.06+2.57b

2017 1 51.14£12.79bc  38.73%5.54a 4.07+0.47a 21.40+4.38a 46.05+6.29ab
2 96.86+7.53a 24.64+2.94b 4.36+0.26a 14.88+2.57b 53.08+3.05a
3 66.71£10.31b  33.18+5.41a 4.16+0.44a 18.38+3.09a 46.69+4.20ab
4 31.72+9.78¢ 29.79+4.85ab 4.09+0.23a 16.64+3.48ab  45.20+3.11b

1) AR R4y, FI 51 2486 0 R N5 8 AR £ 2% (P<0.05, Duncan’s #%);2) 1: h#,2: P H B 4, 3. L 2 £ B £, 4.

ARAEF

1) Different lowercase letters in the same column of the same year indicate significant difference (P<0.05, Duncan’ s method); 2)

1: Rotary tillage weeding, 2: Mechanical weeding mulch, 3: Chemical weeding mulch, 4: Weed living mulch
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