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Effects of Long-term Application of Controlled-Release Urea on the Acid-Base
Buffering System and Soil Fertility in Fluvo-aquic Soils
ZONG Haolin, ZHENG Wenkui, LI Jianghua, WANG Chun

(National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, College of Recourses
and Environment » Shandong Agricultural University, Taian » Shandong 271018, China)
Abstract; [ Objective | To investigate the effects of long-term application of controlled-release urea on soil
acidity, acid-base buffering capacity and fertility of northern calcareous tidal soils. [ Methods] Based on a
long-term field trial of positioning fertilization since 2008, two types of nitrogen fertilizers, blended
controlled-release urea(CRF) and ordinary urea(BBF), and three levels of nitrogen application, namely, no
nitrogen application (N 0 kg/hm®), constant nitrogen application (N 540 kg/hm?®) and incremental nitrogen
application (N 810 kg/hm?), were designed, and soil samples were collected from 0 — 80 c¢m during the
ripening of the maize season of 2022 to determine the acid-base buffering capacity, soil calcium carbonate
content and soil fertility of soil. Samples were collected from 0—80 cm soil at the maturity of the corn season
in 2022 to determine the soil acid-base buffer capacity, soil calcium carbonate content and soil nutrients.
[Results | (1) CRF slowed down the decline of soil buffer capacity and pH value caused by N application and
alleviated the process of soil acidification. The buffer capacity of constant CRF and incremental CRF
treatments increased by 5.22% and 11.17 %, respectively, and the pH of constant CRF and incremental CRF

treatments increased by 0.17 and 0. 08 units, respectively, compared with that of constant BBF and
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incremental BBF. (2) CRF increased the soil cation exchange and exchangeable calcium and magnesium
content and increased the active calcium carbonate content of the tillage soil, and the active calcium carbonate
content of the constant CRF and incremental CRF treatments increased by 52.08% and 45.31% compared
with that of the constant BBF and incremental BBF treatments. Meanwhile, CRF slowed down the loss of soil
calcium carbonate content in deep soil layers. (3) CRF increased soil total nitrogen, organic matter, nitrate
nitrogen and ammonium nitrogen content. [ Conclusion ] Long-term application of CRF alleviated soil

acidification caused by nitrogen fertilizer application, increased soil active calcium carbonate content, and

improved soil fertility.
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Table 1 Experimental design and fertilizer application rate
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Fig. 1  Acid titration curve of different fertilization treatments
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Table 2 Soil acid— base buffering capacity and pH under

different fertilization treatments

s y=ax+b R? i 22 v 45 1/ FHpH
a b (emol * kg™ 1)

CK —0.055 7.755 0.996 18.25a 8.74a
CRF1 —0.055 7.648 0.982 18.33a 8.46b
CRF2 —0.056 7.692 0.963 18.00ab 8.31c
BBF1 —0.057 7.776 1.000 17.42b 8.29¢
BBF2 —0.062 7.737 0.984 16.19¢ 8.23¢
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Table 3  Soil cation exchange and exchangeable cation content in

different fertilization treatments cmol/kg
B ME TR S Cat T e Mgt e KT
CK 24.88d 17.89abe 3.48bc 1.27a
CRF1 30.24a 19.23a 3.96a 0.96¢
CRF2 29.24ab 18.78ab 3.59b 1.00c
BBF1 28.22be 17.15bc 3.34bc 1.09be
BBF2 27.19¢ 16.86¢ 3.25¢ 1.18ab

23 AEMEAE TIERERGMEEREBRSESE

B %2

- SRR TR S 5 A TR ek A TR 2K i A
5 R R, 45 kb B A R R S 5 P R R
M5 R AE 2040 em 2R B s, AR )it A Ak
T+ SRR B2 A4S S YU I AE 0.62~15.14 g/kg. 7E 20—
OemtTtEZERHENEENE 2), 020 ecm + 2,
CK AP f = , BBF1 Zb#HEYR 22, 35 B IR 2 Ak B 22 ] 22
AL E 2040 em £ )2, 38 IR R AL Pk R A5 5
HE THRBIR Z 48, BBF1 f1 BBF2 &b 2 23 5 4%
CRF1 #l CRF2 Zb ¥R T} 55 24.43 % F0 45.16 % s 7 40—
80 cm )2, £ b 3 22 S BN {H 5 B IR R A Bk R
5 B e T R R AL

100
80
g --e-- CK
2 60 CRF1
i —— CRF2
B 10 —+— BBFI1
It — BBF2
H
20
0 1 1 1 1 1]
5 10 15 20 25
CaCO, 5 E/(g * kg?)
B2 AEBELETEREBSE
Fig. 2 Soil carbonic acid content of different fertilization

treatments
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Fig. 3  Soil active calcium carbonate content in different

fertilization treatments
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Table 4 Nutrient content of tilled soil in different fertili-

zation treatments

b LR/ AR/ AR/ AR/
(g kg™ (gekg) (mgekg ") (mgekg D
CK 0.99¢ 17.87d 14.48d 9.87¢
CRF1 1.72a 21.12a 36.24b 11.60b
CRF2 1.50b 20.66ab 45.75a 14.83a
BBF1 1.41b 19.72bc 23.97¢ 8.48d
BBEF2 1.05a 18.53cd 26.44c¢ 10.00c
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Table 5 Pearson’s correlation between soil physicochemical properties and soil bufferability with different fertilizer applications
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Fig. 4  Partial least squares path modeling (PLS— PM)

analysis
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