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Effects of alginic acid compound phosphate fertilizer
on maize yield and soil nutrients
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Abstract: This study examined the effects of alginate phosphorus compound fertilizer on maize yield and soil
nutrient supply intensity to provide a scientific basis for the proper usage of the fertilizer. A two-year field experi-
ment with maize ‘Zhengdan 958° was conducted to explore the effects of different phosphate fertilizer treatments on
maize yield, growth characteristics, plant nutrient content, soil nutrient content, and phosphate fertilizer utilization
rate. There were four treatments: no phosphate fertilizer (CK), diammonium phosphate ( DAP), alginate com-
pound phosphate fertilizer ( NI), and alginate compound phosphate fertilizer decremented ( MI). The results
showed that the yield in the NI treatment increased by 17.1% ~24.3% in the two years compared with the CK treat-
ment. The yield was increased by 6.7% compared with DAP treatment in the second year. Biomass, plant height,

stem diameter, and leaf SPAD values also increased significantly under the NI treatment. The total phosphorus con-
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tent in the NI treatment increased by 66.1% compared with CK, and 23.4% compared with DAP treatment, and the
phosphorus utilization rate of the NI and MI treatments increased significantly by 134.5% and 89.3%, respectively.
Soil available phosphorus in the NI treatment increased by 30.9% ~59.9% compared with the CK treatment, and by
13.8% ~17.2% compared with the DAP treatment in the two years. There was no significant difference between the
DAP and MI treatments. There was a significant positive interaction between the different phosphorus fertilizer treat-
ments and the year factor on the soil available phosphorus and total phosphorus contents. Correlation analysis
showed that soil available phosphorus was positively correlated with maize yield, plant height, stem diameter, and
SPAD. Compared with traditional diammonium phosphate, alginate compound phosphate fertilizer increased the

content of available phosphorus in the soil and the utilization rate of phosphate fertilizer, and significantly promoted

the growth, nutrient accumulation, and yield of maize.

Keywords: maize; alginic acid compound phosphate fertilizer; yield; soil nutrient; utilization efficiency of

phosphate fertilizer
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Fig.1 Monthly average temperature and precipitation of the experimental site in 2019-2020
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Fig.2 Yield and biomass of maize under different treatments
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Table 1
different treatments (2020)

Agronomic traits of maize under

b3 B /m ZEf/em  WFERYVem®  SPAD {H
Treatment  Plant height Stem diameter  Leaf area ~ SPAD value
CK 1.79b 1.72¢ 675.14bc 45.13¢
DAP 1.93a 2.01b 697.11ab 50.13b
NI 1.96a 2.22a 714.91a 57.68a
Ml 1.97a 1.98b 668.87¢ 55.19a

T RS R] /NG B 3R R S [] b 34 8] 22 5 i 5 (P<0.05)
T,
Note: Different lowercase letters within each column mean

significant difference at P<0.05. The same below.
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Table 2 Soil nutrient content under different treatments
i b Tt 2 AR B 2R X e
y ” Treatment pH Available N Available P Available K Total N Total P Total K
ear reatmen
/(mg-kg')  /(mg-kg)  /(mg-kg')  /(g-ke) /(g-ke'") /(g-kg")
CK 8.09a 27.07¢ 5.83¢ 100.20a 1.04a 0.67b 15.22a
2019 DAP 8.00a 31.27be 6.51bc 95.43a 1.17a 0.90a 16.12a
NI 8.21a 38.35a 7.63a 98.45a 0.96a 0.80a 16.14a
MI 8.44a 34.30ab 6.71b 101.33a 1.05a 0.85a 16.27a
CK 8.29a 37.80b 5.09¢ 96.70a 1.08a 0.68¢ 16.35a
2020 DAP 8.09a 38.50ab 7.15b 98.43a 0.98a 0.93ab 15.64a
NI 8.3%a 42.47a 8.14a 96.40a 1.13a 0.97a 16.21a
MI 8.45a 40.60ab 7.28b 97.00a 1.10a 0.83b 16.04a
Ab P
0.4400 0.0082 <0.0001 0.9304 0.7771 <0.0001 0.6507
) Treatment
vafli? Y Year  0.5000 0.0004 0.1308 0.5337 0.5670 0.0476 0.6508
. AEAIN
FUALER 0.9754 0.3345 0.0275 0.7666 0.0064 0.0321 0.2151
TreatmentXYear
T AEAR AR R [RFUARNG 035 AN 7] 4 3 8] 22 572 3 (P<0.05)
Note : Different lowercase letters within each column of the same year mean significant difference at P<0.05.
®3 TEGEMEHRT . B FEE(2020 ) 8 P YA O R A B R R AR IE AR R (P<
Table 3  Nitrogen, phosphorus and potassium content 0.01); % KMESA M S WD E M (P<
of plant under different treatments (2020) 0.01) ,5%@?5‘5@%1‘H9§(F<0.0§) ,%*ﬂ—%ﬁ&&%%ﬂ
R AR =0 o S E R B IE A (P<0.01) , M RS 2 i
TR FRAL pise] )
Plant parts  Treatment Total N Total P Total K %IE* 3‘% EE}KIH‘H‘ E’] A ﬁ Iﬁmﬁ{;/j
T k) Sk eekeh)  AIEAR(P<0.05), J SPAD 1E S AL
CK 9.41h 3.30c 5.66h R B IEAC (P<0.05) , 54 Rk & 2k
DR OB S e pe0n). SRY LA, 2
ea .09a 48a .20a e s . e Lo
MI 10.29ab 4.68ab 7.59a %E@%ﬂﬂﬁ%fﬁﬁi*ggﬁzﬁk%%}j:%E/‘J*%}{“O
CK 8.32b 2.50b 5.47a 2.7 AEAIEITERZRFERIS0
= DAP 9.33ab 4.62: 6.80: NV N
3 : : : F1 4 6 T, 46 b B4 T K 7 g 2
em NI 10.01a 4.91a 7.19a
MI 9.20ab 3.37ab 5.62a ATE 2019 4EZR B NI>DAP>MI>CK, i 78 2020 4
ek 8.83a 2:91b 3:95b WA NI>MI>DAP>CK, 78 & ) B L AL 2 £
KR DAP 9.79a 3.54ab 4.67ab . e L o o N N T pee
Grain NI 10]113 4.57a 5.27ab *F%E‘Jﬁﬁiﬁpﬁyﬁﬁﬁ/\‘(%ﬁ&i = @;EEE‘J%_‘
M1 8.57a 3.73ab 5.69a 4E NI AbBR A4S CK 390 T 19.5% {HAYL Lt DAP
R4 FELEEARBERIFHALE(2020 F)
Table 4  Phosphorus utilization efficiency of maize under different treatments in 2020
WAL AL 0 BRAB A 2730 BARAL [ H 26 BRAL SRR
Qb3 o o - I .
Treatment Partial factor productivity of Phosphorus use efficiency Phosphorus use Contribution rate of
’ phosphorus/ (kg - kg™") of agriculture/( kg + kg™!) efficiency/ % phosphorus/ %
DAP 68.73¢ 9.72¢ 11.64¢ 13.55b
NI 73.36b 14.34b 27.29a 19.54a
MI 114.74a 17.81a 22.03b 15.52b
x5 EFERFERZERSTEBAUERBEOEXES R
Table 5  Correlation analysis among yield, growth characteristics, and soil physical and chemical properties
FEHF Index 7o Yield Fk 5 Plant height ZE2H Stem diameter M EF Leaf area SPAD {H SPAD value
pH 0.0702 0.0105 -0.0123 -0.2366 0.3308
T A Available N 0.4991 0.4119 0.4887 0.3891 0.6400
FRUWE Available P 0.9360 " * 0.7406 * * 0.8931" " 0.5241 0.8987" *
AL Available K 0.0430 0.0200 -0.0201 0.1473 -0.0465
4% Total N 0.0795 0.2010 0.1322 -0.0655 0.4334
4T Total P 0.8816* * 0.6450 " 0.8851" " 0.6653 " 0.6379 "
44 Total K -0.2047 -0.4052 -0.1329 —-0.0833 -0.0186

o Flx = ARHIEIRTE 0.05,0.01 KT BEAHR,

Note: * and * * means significant correlation at P<0.05 and P<0.01, respectively.
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Table 6 Economic benefits per hectare in maize under different treatments

RERMA 4%/ I0 Compound fertilizer cost

' TR W E WEREAWIE e delase AT s
Year Treatment Maize cost TR Diammonium Alginate compound = Net profit nerement
Urea . Other cost vs. DAP
phosphate phosphate fertilizer
CK 13919.7 733.7 0 0 6000 7186.0 -16.3
2019 DAP 15753.0 618.8 548.0 0 6000 8586.3 0
NI 16303.0 587.0 0 964.2 6000 8751.9 1.9
MI 15690.0 644.3 0 587.1 6000 8458.7 -1.5
CK 13279.3 733.7 0 0 6000 6545.7 -21.1
2020 DAP 15465.3 618.8 548.0 0 6000 8298.6 0
NI 16506.7 587.0 0 964.2 6000 8955.5 7.9
MI 15719.7 644.3 0 587.1 6000 8488.3 2.3

AR A5, EoK 2 500 78 - 115 PRE 1500 0T - o BEER KR 2 800 UT - v I B A WEAL 3 000 7T - o1 HA 3R FH A

FhF ey VEWE AU 5T 6 000 9T - hm ™2,

Note: According the average price of market, the price of maize was 2 500 Yuan -t ;

pound phosphate fertilizer were 1 500, 2 800, 3 000 Yuan - t”!

land renting, were 6 000 Yuan + hm™2.
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'; the price of urea, diammonium phosphate, alginate com-
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