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Impact of fertilization and high grain production on groundwater
exploitation in Shijiazhuang Plain
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Abstract Shijiazhuang Plain is one of the main grain production areas in Hebei Province, cultivating mainly winter wheat and
summer maize. Increased grain production in the plain is closely related with groundwater exploitation. This is because there is al-
most no surface runoff in the plain and winter wheat and summer maize cannot do well without irrigation. Generally, production
increases with increasing groundwater exploitation. However, the rate of increase in grain production is bigger than that of ground-
water recent years due to fertilization. Hence groundwater consumption intensity for wheat and maize yield is dropping. It is there-
fore critical to study the impact of fertilizer use on groundwater consumption in the agricultural sector. This paper analyzed the varia-
tions in groundwater exploitation for wheat and maize production. It also analyzed the effect of increased grain production on
groundwater exploitation. Furthermore, the paper discussed the relationship between fertilizer use and per-unit wheat and maize yield.
The results showed that increasing fertilizer use had led to decreasing groundwater exploitation for wheat and maize yield. While
groundwater use was 1.86 m> kg™ in the 1970s, it dropped to 0.72 m*kg™" at the start of the 21® century. According to 0.17 t-hm™>
fertilizer use in the 1970s without considering yield-increasing effect of fertilization, groundwater exploitation sharp increased to get
the total production levels of today. For example, groundwater exploitation respectively increased by 10.35x10%m®, 18.88x10® m’
and 20.12x10%m? in the 1980s, 1990s and 2000—2005. From the relationship between fertilizer use and per-unit wheat and maize
yield, fertilizer use reached 0.76 t-hm™ to have the max per-unit wheat and maize yield. In the early 21 century, however, fertilizer

use per-unit area was 0.72 t-hm ™, which was close to the 0.76 t-hm™ dose for max yield. Hence with increasing fertilizer use, there
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was little potential to increase production and decrease groundwater use.
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Table 1 Variations of total wheat and maize yield, amount and intensity of agricultural groundwater exploitation in different periods
from 1973 to 2005

Period Total Wheat an4d maize Variation Agricul}tural groundwe;ter3 Variation range Grogndwa}er coglsurlqlption Variation range
yield (107 t) range (%) exploitation amount (10°m”) (%) intensity (m™-kg™) (%)
1973—1979 118.00 — 21.44 — 1.86 —
1980—1989 199.00 +68.6 21.87 +2.0 1.08 —41.9
1990—1999 309.16 +55.4 23.24 +6.3 0.75 -31.8
2000—2005 310.25 +0.4 22.35 -3.8 0.72 -4.0

“F “+” means greater than the previous decade; “—” “~” means smaller than the previous decade.
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Table 2 Varied groundwater consumption intensity and water saving amount caused by increased fertilizer application of wheat and
maize in different periods from 1973 to 2005

periog  Wheat-maize yield per Fertlizer application amount  Increased yield by fertilizer  Decrease of groundwater con-  Water saving amount
unit (t-hm) per unit area (t-hm™?) application (thm™) sumption per unit yield (m’-kg™") (10°m?)
1973—1979 3.33 0.17 — — —
1980—1989 4.77 0.31 1.13 0.78 10.35
1990—1999 6.69 0.49 1.55 0.32 8.53
2000—2005 7.24 0.72 0.77 0.03 1.24
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