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Effects of Citric Acid on Phosphorus Availability for Soil in Greenhouse Field
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(1.Institue of Environment and Sustainable Development in Agriculture, CAAS, Beijing 100081, China; 2.Environmental Stable Isotope Lab,
CAAS, Beijing 100081, China )

Abstract: The utilization efficiency of phosphorus fertilizers in vegetable production under greenhouse condition is low in spite of its exces—
sive use. Thus, it need to improve the availability of phosphorus and consequently reduce its application rate.In this study, a greenhouse trial
was conducted to reveal the effects of citric acid on soil available phosphorus and tomato yield. Four phosphate fertilizer application rates (0,
96, 168, 240 kg-hm™, denoted as PO, P1, P2, P3, respectively ) and four citric acid levels(0, 0.42, 0.84, 1.26 kg-hm™, denoted as CAO,

CA1, CA2, CA3, respectively ) were arranged with the method of completely random design. The results showed that soil pH decreased sig—

nificantly (P<0.01) with the increment of citric acid addition level, and it decreased by 0.62 units for CA3P0 compared with CAOPO. With—
out the phosphate fertilization phosphorus release from the soil pool was enhanced in the top 0~20 e¢m soil after citric acid addition. Howev—
er, as shown by treatment CA3P3, overuse of citric acid decreased the available phosphorus content in this soil layer, but increased the con—
tent in the 20~40 cm soil, which tend to leach to deep soil. The recommended application rates of citric acid and phosphate were 0.84 kg -

hm?(CA2) and 168 kg-hm>(P2), respectively. This dosage not only produced a maximum tomato yield of 6.02 t-hm=, but also reduced

phosphate application by 30% compared with P3, implying a lower environmental risk of phosphorus leaching to the deep soil.
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Table 1 Basic conditions of soil fertility

TR AHHLBT 2% Total G Total A4 Available AR . K Soil ik TR & ik
: amic me ; ohorus ohorus il pH {H i , i
Soil depth/ Organic mater/  nitrogen/  phosphorus/ phosphorus/ Available H val density/ <2 pm Concentration of
cm g kg g ke g kg mg-kg! potassium/mg - kg™ i vatue kg-m™ Clay/% citric acid/mg-kg™
0~20 12.6 0.8 1.1 137.6 120.5 7.8 1.7 11.3 0.5
20~40 3.6 0.2 0.9 77.2 52.3 8.1 1.7 9.7 0.2
40~60 34 0.2 0.3 37.1 437 8.1 1.7 8.1 0.1
60~80 42 0.3 0.2 15.3 52.1 79 1.4 14.1 0.1
80~100 6.8 0.5 0.3 2.5 98.7 8.3 1.6 4.9 0.1
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Figure 1 Effects of different treatments on soil pH

290 -

R

o - CAl

o230F A ca

B g | @ CA3

&

E 70t

ﬁ

g eom

A oqi0F A
80]]131]]1EDIIDIDIE[DIDIDIDIDIIIJIDIIDIDIE[DIDIDIDIDI
<t —~ O —~ O — O — N O nNn O Nn O n O n O n O F Nt &
M ERREE JQERTRET KL TR E J KKK E
[\l onoonoonoonoon <t < < < < v o N NN o O O O

H # Date

B 2 RREFFRERK T AR 2 T A RS 2R

Figure 2 Effects of different levels of citric acid on available phosphorus contentin soil without phosphate fertilizer during the whole season
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Figure 3 Effects of different levels of citric acid on available
phosphorus contentin soil with different levels

of phosphate fertilizer
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Figure 4 Spatial dynamics of available phosphoruson different levels of citric acid
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Table 2 Yields response of tomato to phosphate fertilizer and citric acid
PO P1 P2 P3
ﬂ\IE B P i P =) P =) Pr
Treatmens PR BT R%  ERhm 17 1% PR A b B 1% PR b B 1%
Yields Increased Yields Increased Yields Increased Yields Increased
CAO 5.1¢cB - 5.2¢B 1 5.6bA 14 5.5bA 14
CAl 5.2¢C 2 5.2¢C 4 5.8abB 15 6.0aA 20
CA2 5.3bB 5 5.3bB 7 6.1aA 21 6.0aA 20
CA3 5.6aA 11 5.7aA 15 5.8abA 16 5.8aA 16

1 :CAO CAT CA2 CA3 235 AR &t 0.0.42 .0.84 .1.26 kg-hm™; PO P1 . P2 P3 2SN W E & 0,96 168,240 kg-hm?, * 15 CAOPO Fb4%,
LSDy5=1.08, n=48 , K75 TR IR 22 571K 0.05 KV /INE FREFRORFI Y 28 7 B PRI s K5 7 RERORA T 28 St i B A G
Note: *Indicates significant differences among treatments based on LSD test(«=0.05,1n=48 ) (P<0.05 )compared with CAOPO; Values followed by the same

lowercase letter in the columns do not significantly differ; Values followed by the same uppercase letter in the raw do not significantly differ.
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