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Changes in yield and fertilizer use efficiency of spring maize in Heilongjiang Province over a twenty year period
JI Jinghong, LIU Shuangquan, ZHENG Yu, LIU Ying, ZHANG Mingyi, MA Xingzhu, HAO Xiaoyu, CHEN Xueli

(Institute of Black Soil Conservation and Utilization Heilongjiang Academy of Agricultural Sciences, The Key Lab of Soil Environment and
Plant Nutrition, Research Center of Fertilizer Engineering and Technology of Heilongjiang Province, Harbin 150086, China)

Abstract: This study examined the changes in the yield and fertilizer utilization rates of spring maize in Heilongjiang Province, China.
Based on an analysis of 522 maize yields and approximately 2 000 nutrient uptake data that were obtained from 174 field fertilization
experiments, the yields and fertilizer usage efficiency of spring maize were determined from 2000 to 2019. The yield and N, P, and K
fertilizer use efficiency of maize in Heilongjiang Province were studied, and the reasons for the changes were explored using the multi-year
field plot experiments method, combined with data from the Heilongjiang Statistical Yearbook. The results of the field experiment showed
that the average yield of maize was 7 347 kg+hm™ from 2000 to 2009 and 8 859 kg+hm™ from 2010 to 2019, an increase of 1 512 kg+-hm™
(20.6%). The average maize harvest index in Heilongjiang Province was 0.45 from 2000 to 2009, and 0.50 from 2010 to 2019. There was a
significant logarithmic relationship between the maize yield and N, P, and K uptake; the correlation between maize yield and N uptake was
the strongest, followed by the correlation with K uptake and then P uptake. According to the application of chemical fertilizer and the
utilization rate of fertilizer, there were three stages : from 2000 to 2010, from 2011 to 2015, and from 2016 to 2019. The average rates of N
use efficiency were 38.5%, 34.4%, and 39.4%; for P use efficiency (P,0s) they were 18.8%, 15.8%, and 20.7%; and for K use efficiency
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(K:0) they were 47.9%, 46.4%, and 49.9%, respectively. The results showed that the yield per unit area of maize increased in

Heilongjiang Province over the past 20 years, while the utilization ratio of N, P, and K fertilizers decreased at first and then increased. The

increase in the maize yield was predominantly caused by the increase in the harvest index and fertilizer application, and the increase in

fertilizer application was the main reason for the decrease in fertilizer use efficiency.

Keywords: Heilongjiang Province; spring maize; yield; fertilizer use efficiency; nitrogen; phosphorus; potassium
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Table 1 Changes in nitrogen, phosphorus and potassium fertilizer use efficiency of maize in Heilongjiang Province

I H ZHEFIFH 2 Nitrogen use efficiency W HEFI 2% Phosphorus use efficiency HHEFI 2% Potassium use efficiency
Item 1 2 3 4 1 2 3 4 1 2 3 4

SF-Y{E Mean/% 38.5 34.4 39.4 36.9 18.8 15.8 20.7 18.0 47.9 46.4 49.9 47.8
bR SE/% 1.19 0.77 0.80 0.56 1.11 0.68 0.99 0.54 2.19 1.40 0.95 0.92
FrifE2E SD/% 6.92 5.61 4.50 6.15 6.45 4.97 5.59 5.93 12.75 10.22 5.39 10.06
J72% Variance 47.9 31.4 20.3 37.8 41.6 24.7 31.2 352 162.6 104.6 29.1 101.3
/M Min value/% 22.3 23.9 31.2 22.3 5.1 6.8 12.1 5.1 28.3 26.3 37.7 26.3
e KAE Max value/% — 49.1 46.0 50.7 50.7 31.3 25.6 37.6 37.6 76.4 71.4 63.6 76.4
WLIEL Number 34 53 32 119 34 53 32 119 34 53 32 119

R 1.2.3.4 501483 2000—20104F . 2011—2015 4 ,2016—2019 4 ,.2000—2019 4,
Notes: The number of 1,2,3 and 4 represent year from 2000 to 2010,2011 to 2015,2016 to 2019 and 2000 to 2019, respectively.
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