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Effects on Water Use Efficiency of Potato and Development
of Water Potential Productivity in Different Precipitation Years
—A Case of Wuchuan County
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(1. College of Resources and Environment, Northeast Agricultural University, Harbin, Heilongjiang 150030, China; 2. College of
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Abstract: Impacts of precipitation on water use efficiency (WUE) and water potential productivity of potato were studied via
fieldtrialin Wuchuan County to provide a scientific base for sustainable development and eco-regional agricultural building. Water
consumption of potato in each growth period was measured in 11 different fertility treatments and water potential productivity was
calculated by using agro-ecological zone method recommended by FAO. The results showed that different topography and soil
fertilitylevels hadsignificanteffects on WUE andwater potential productivitydevelopmentdegree. In2008 (wetyear),themeanvalue
ofthe WUE of potatoin aridflatfield was 48.3 kg/ha - mm, while in arid sloping field was 36.8 kg/ha - mm, the WUE inflatfield being 1.3
timesmorethaninslopingarea. Andin2009 (dryyear), the meanvalue of WUE of potatoinaridflatfieldwas 33.3 kg/ha- mm, whilein
arid sloping field was 22.1 kg/ha-mm, WUE inflatfield being 1.5 times more thanin sloping area. The water potential productivity of
potatowas5079.8kg/ha(dry matter)and 4 146.8 kg/ha (dry matter)in2008 and 2009, respectively. In2008, the average development
degrees were 76% and 46% in flat and slope field, respectively. It is suggested that fertilizer application and field management
should be carried out reasonably in order to increase the production of potato in Wuchuan County.
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2l 1 NPy 0 0 0 0
2 NPy 97.5 495 450 225
° 3 NP, 195.0 97.5 900 450
4 NiPis 2940 147.0 1350 675
o 5 NP, 391.5 195.0 180.0  90.0
B-5] 6 NiPos 4890 244.5 2250 1125
. 6l Ul 7 NP, 915 97.5 45.0 45.0
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NsP,s 7253 kg/hm®
2008
o N,P, 6163kghm’ 48.3 kg/hm**mm 36.8 kg/hm?*mm
NsPs  4817kghm?, 13 .
N:P 1:1 N;Ps 55.9 kg/hm?-mm,
1:05 1:05. 44.3 kg/hm®*mm,

NoPio NgPoo NoPoo NGPs
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N
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o
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Table 2 Water consumption, production and WUE of potato in flat land and sloping field in 2008

Flat ground grown potato

Sloping grown potato

Number Treatment mm kg/hm? mm kg/hm?
Water consumption Yield kg/hm?*»mm WUE Water consumption Yield kg/hm*»mm WUE
1 NoPy 358.1 14711 41.1 260.3 11531 443
2 N,Pys 383.6 16220 42.3 326.9 12600 38.5
3 N,P, 395.3 18090 45.8 322.0 13871 43.1
4 N;Pys 407.5 21380 52.5 3189 11130 349
5 N,P, 431.1 22310 51.8 311.0 10271 33.0
6 NsPys 405.0 18000 444 319.9 10670 334
7 NP, 3974 17600 443 282.6 11330 40.1
8 N,P, 389.0 18890 48.6 316.8 12600 39.8
9 N;Ps 397.8 20760 52.2 350.5 11670 333
10 NP, 406.5 21420 52.7 359.2 11201 31.2
11 N;5Ps 393.5 22001 55.9 337.1 11130 33.0
3 2009 N N

Table 3 Water consumption, production and WUE of potato in flat land and sloping field in 2009

Flat ground grown potato

Sloping grown potato

Number Treatment mm kg/hm? mm kg/hm?
Water consumption Yield kg/hm**mm WUE ~ Water consumption Yield kg/hm?**mm WUE
1 NoPy 289.0 7733 26.8 221.5 5233 23.6
2 N,Pys 2453 7987 32.6 220.4 5570 253
3 N,P, 268.1 9053 33.8 281.6 6163 21.9
4 N3P 311.2 10833 34.8 240.7 5703 23.7
5 NP, 288.3 8633 29.9 304.8 5460 17.9
6 NsPas 2353 7253 30.8 242.1 5300 21.9
7 N,P, 2714 9067 334 230.3 5627 244
8 N,P, 301.3 11033 36.6 2717.5 5957 21.5
9 NP, 271.9 10400 38.2 242.3 5633 232
10 NP, 256.0 9150 35.7 265.7 5170 19.5
11 N;sPs 221.3 7467 33.7 2354 4817 20.5
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Table 4 Parameters related to light—temperature potential productivity in 2008
Ttem
Month n/N % R, mm/em*-d R. Jlem’-d Y, kg/hm?-d Y. kg/hm?-d R, Jlem*-d F
5 69.1 16.30 1657.5 245.2 482.1 2397.84 0.35
6 45.2 17.28 1766.5 269.7 508.9 203191 0.53
7 57.8 16.68 1728.8 264.5 499.6 2221.01 0.45
8 56.0 15.06 1544.6 239.9 456.5 1970.80 0.45
9 75.6 12.37 1247.4 199.8 389.8 1918.35 0.29
5 2009
Table 5 Parameters related to light—temperature potential productivity in 2009
Ttem
Month
n/N % R, mm/cm*-d R.. Jlem?-d Y, kg/hm?-d Y. kg/hm?-d R, Jem*-d F
5 75.71 16.30 1657.5 245.2 482.1 2530.53 0.30
6 77.79 17.28 1766.5 269.7 508.9 2727.04 0.29
7 66.04 16.68 1728.8 264.5 499.6 2390.44 0.39
8 68.10 15.06 1544.6 239.9 456.5 2196.54 0.36
9 36.34 12.37 1247.4 199.8 389.8 1318.94 0.59
6
Table 6 Potato light—temperature potential productivity
Year Ttem CL CN CH G Y Yy
2008 0.50 0.61 0.65 121 375.03 9071.00
2009 0.50 0.62 0.65 120 381.67 9643.79
o 11 494.5 kg/hm? 2008
. 22 309.5kg/hm?,
7. 8 FAO 51.5%
20% °
2008 - 2008 5 079.8 kg/hm?
5079.8 kg/hm? 2009 ° NP,
4 146.8 kg/hm? . 44619 kghm? 878%.
o 2009 41468 kghm? o

2000~2008 N,P, 22067 kghm*
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Table 7 Parameters of potato growth period and climatic potential productivity Y, in 2008

Sowing to seedling

Tuber initiation stage

Tuber enlargement to starch accumulation stage

Ttem 5 6 7 8 9
PE (mm) 3330 7114 42.70 3470 44.80 27.00 42.90 27.80 15.10 30.80  26.30 17.60
K¢ 040 050 0.70 100 110 120 100 100 090 080 075 0.75
ET,, (mm) 1330 356 29.90 3470 4930 3240 42.90 27.80 13.60 24.60  19.70 13.20
ET, (mm) 73.50 121.60 83.60
ET, (mm) 99.10 159.30 98.90
K, 0.50 0.90 0.75
U 0.13 0.21 0.12
I 0.87 0.64 0.56
Y, 5079.8 kg/hm?
8 2009 Y,
Table 8 Parameters of potato growth period and climatic potential productivity Y, in 2009
Sowing to seedling Tuber initiation stage Tuber enlargement to starch accumulation stage
lem 5 6 7 8 9
PE (mm) 37.00 46.50 3930 4890 69.90 4650 4030 3870 28.80 33.50 31.00 15.10
Ke 0.40 0.50 0.70 .00 110 120 1.00 090 080 0.80 0.70
ET,, (mm) 14.80 2325 2751 39.12 69.90 51.15 4836 3870 2592 26.80 24.80 10.57
ET, (mm) 47.00 125.90 79.10
ET,, (mm) 104.70 208.10 88.10
K, 0.50 0.90 0.75
U 0.28 0.36 0.08
I 0.72 0.47 0.43
Y., 4146.8 kg/hm®
53%. 2008
o 483 kg/hm? *mm 36.8kg/hm? *mm
9 o 13 2009
2008 N,P, 333 kghm* mm
88%. 22.1 kg/hm? mm 1.5
- - 2008 5079.8 kg/hm?
55% - 2009 2009 4 146.8 kg/hm?,
76% 46%
3 2008 NP,
87.8% ., 2009 NP,

53%.
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Table 9 Potato climatic potential productivity exploitation of different topographies and different fertilities

2008 2009
Number Freatment Exploitation of flat field Exploitation of sloping field Exploitation of flat field  Exploitation of sloping field
1 NP, 0.58 045 0.37 0.25
2 N,Ps 0.64 0.50 0.39 0.27
3 NP, 0.71 0.55 0.4 0.30
4 NP 0.84 0.44 0.52 0.28
5 NP, 0.88 0.40 0.42 0.26
6 NPss 0.71 0.42 0.35 0.26
7 NP, 0.69 045 0.44 0.27
8 NP, 0.74 0.50 0.53 0.29
9 N.P; 0.82 0.46 0.50 0.27
10 NP, 0.84 0.4 0.4 0.25
11 N,Ps 0.87 0.4 0.36 0.23
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