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Effects of Controlled Release Fertilizer on Soil Nitrate Leaching, N,O Emission and Fruit Yield and Quality in
Greenhouse Tomato Production System
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Abstract: Excessively high nitrogen fertilization and irrigation in intensive greenhouse vegetable production to maximize yield are very com-
mon practices in China. However, these has greatly increased the risk of N losses and caused serious non—point source pollution. Production
systems with more yields and less environmental impacts are urgently needed. The objectives of this field study were to evaluate the effects
of application of controlled—release fertilizers(CRF ) and manure on fruit yield and quality, NO;-N leaching and N,O emission from a high—
yield tomato production system in greenhouse in a Beijing suburb. Six treatments were used : no fertilizer N treatment(CK), organic fertilizer
(OM), controlled-release fertilizer at nitrogen rate of 300 kg -hm=(N1), controlled-release fertilizer at 450 kg +hm2(N2), controlled—re—
lease fertilizer at 600 kg+hm=(N3) and traditional fertilization at 600 kg+hm2(N4), and N1, N2, N3 and N4 treatments received the same
amount of manure with that of OM treatment, respectively. The experimental design was a randomized complete block with three replications,
and each plot was 13.2 m?*(1.2 mx11 m). All treatments were irrigated based on soil moisture sensor, starting at 60% available soil water
(ASW) and ending at 90%ASW. Nine times of furrow irrigation were applied with 180 mm irrigation water in total. High—yield crop man—

agement practices were adopted. Soil leachate was collected with a soil solution extractor at 60 cm and 100 cm soil depth, and N,O emission
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was measured with the closed chamber technique. The average nitrate concentrations of soil leachate at depth of 60 cm and 100 cm from

three controlled—release fertilizer treatments were reduced by 15.49%~24.0% and 17.8%~30.0% , respectively, and soil residual nitrate in 0~
100 c¢m at harvest was reduced by 21.0%~59.8% compared with the traditional treatment, indicating that the nitrate leaching losses in the
controlled—release fertilizer treatments were much lower than in the traditional treatment. Average N,O flux of all treatments were 60 pug N -
mZ2-h to 144 pg N-m2-h™". The seasonal N,O emissions ranged from 2.47 kg +hm™ to 5.33 kg+-hm™, accounting for 0.08%~0.39% of ap—
plied fertilizers. Compared with the traditional treatment, controlled —release fertilizer treatments reduced N,O emission by 38.1%~47.0%.
Fruit yields of all treatments were 113~132 t+hm™, with the highest in the N2 treatment. However, there were no significant differences be—
tween treatments. Nitrate concentration in fruits in the N4 treatment was significant higher than in the CK. In conclusion, single basal appli—
cation of controlled-release fertilizers and manure together can significantly reduce nitrate leaching loss and N,O emission compared with

the traditional fertilization. The use of controlled—release fertilizer should be at 300 kg +hm™ and 450 kg+-hm™ as there is an increasing risk

of N losses at higher rates of controlled-release fertilizer(> 600 kg+hm™).

Keywords: high—yield greenhouse tomato; controlled—release fertilizer; nitrate leaching; N,O emission
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Table 1 NO;-N concentrations in soil leachate at depth of 60 cm and 100 cm in different treatments(mg-L™")
i H 4d 8d 12d 17 d 25d 33d 42 d 52d 69 d 107 d 126 d 163 d
60 CK 419 50.0 55.7 54.2 353 64.5 48.2 68.2 108 325 23.4 354
om (£26.8)  (233.9)  (2403) (x438) (x163) (2163) (£240) (£7.6)  (£200) (£189) (x189) (x17.3)
oM 42.5 50.7 553 60.5 559 76.6 73.2 18.1 74.0 64.2 374 56.3
(£27.5) (£27.7) (£34.6) (£35.8) (£39.5) (£65.6) (£72.8) (£11.3) (+41.5) (+40.5) (£28.1) (£20.0)
N1 534 573 64.7 55.1 53.6 24.6 68.2 722 116 37.6 55.7 775
(£13.1) (£14.3) (£8.4) (£15.8) (£11.9) (£57.1) (£20.6) (£194) (£52.0) (£1.9) (£344) (£42.6)
N2 64.4 36.1 52.6 67.4 47.7 53.5 48.1 50.4 122 45.1 93.1 109
(£34.7) (#£18.2) (£25.3) (£324) (£36.2) (£10.5) (£6.1) (£34.1) (£22.7) (£45.3) (£66.6) (£254)
N3 342 499 39.9 459 444 83.3 67.7 75.2 54.1 117 80.9 126
(£19.0)  (£129) (£21.6) (£17.2) (+44.9) (£26.7) (+16.8) (+28.5) (£37.0) (+40.8) (+11.7) (+£5.45)
N4 57.0 552 55.1 539 52.0 147 87.1 64.6 89.1 106 91.7 109
(£23.5)  (£249) (£21.4) (£25.4) (£19.2) (+£60.9) (+44.0) (£29.3) (+67.6) (+26.4) (£7.24) (+4.70)
100 em CK 35.8 62.5 14.8 414 54.7 49.1 12.1 51.0 38.1 19.2 194 30.0
(£222) (£24.0) (£5.60) (£31.2) (£49.2) (£44.0) (£3.8) (£14.9) (#41.1) (£13.6) (£13.7) (£21.2)
oM 58.9 534 17.6 429 67.1 43.6 28.6 21.8 42.6 29.0 20.3 34.6
(£229) (£26.3) (£14.2) (£28.9) (£39.3) (£26.3) (£27.0) (£2.8) (£24.6) (£14.3) (£5.43) (£10.0)
N1 44.1 359 47.5 41.6 85.7 52.6 63.7 51.0 12.4 26.0 214 37.8
(£21.0) (£24.6) (£39.0) (£26.2) (£53.6) (£15.8) (£10.1) (£14.5) (£17.6) (£37.0) (£2.50) (£13.5)
N2 44.0 283 73.5 39.0 72.3 46.9 64.7 46.4 39.0 40.0 29.5 40.1
(£39.6) (=£183) (£23.0) (£34.0) (£65.9) (+45.6) (£32.7) (£24.1) (£67.5) (+47.0) (£30.7) (£26.0)
N3 39.1 39.8 48.8 38.7 79.3 45.6 64.9 45.1 51.3 64.9 38.7 50.2
(£28.5) (£28.7) (£28.5) (£37.5) (£1.5) (#41.2) (£33.6) (£12.7) (£75.7) (£33.0) (£26.0) (£36.0)
N4 495 129 53.6 41.6 59.4 100 81.9 48.7 40.1 50.0 30.0 54.0
(£30.3) (+884) (£31.8) (£254) (£47.4) (£51.8) (+42.9) (£31.0) (£20.0) (£18.0) (£35.0) (£40.0)
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Figure 1 N,O fluxes of different N treatments in greenhouse tomato cropping system during autumn—winter season
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Table 2 Distribution of NO;=N in 0~100 c¢m soil profile at harvest(kg+hm™)

AbFH 0~20 c¢m 20~40 c¢m 40~60 cm 60~80 cm 80~100 ¢cm
CK (20.6£16.1)c (13.5£12.5)c (11.2+8.0)c (21.4£16.0)c (15.0£2.26)a
OM (20.4+8.85)c (13.7£7.21)c (9.64+9.40 )c (16.0£10.0)c (15.246.42)a
N1 (150+35.0)b (54.2+14.0 )bc (23.3+7.30))be (29.4+16.3 )be (26.3+19.5)a
N2 (200£19.6)b (65.0+11.0)b (35.1£18.0)be (24.0£14.3)c (14.3£7.35)a
N3 (279£59.5)a (85.5+44.2)b (58.9£31.4)ab (42.8+16.1)ab (24.7£13.4)a
N4 (300+53.4)a (156+68.0)a (74.8+36.6)a (49.9£16.7 )a (32.3+21.7)a

T R PRE TR 22 7 B 3 (P<0.05), T[], Different letters within a column mean significant difference at the 0.05 level , the same below.
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Table 3 Effects of different nitrogen applications on yields,NO;-N, V¢, soluble sugar, and organic acid of tomato fruits

b3 L TR TR ER NOs-N/ Vel Gk AHLER B LL
Treatment Fruit yields/t-hm™ mg-kg mg-100 g Soluble sugar/% Organic acid/% Sugar acid ratio
CK (123+9.45)a (30.0+4.85)b 9.99(20.67)a (2.340.10)b (0.28+0.04 )a 8.38(+1.40)a
oM (127£6.42)a (29.1x4.28)b 10.6(£1.75)a (2.59£0.14)a (0.32+£0.02)a 8.19(+0.88)a
N1 (121£14.3)a (33.6£3.50)ab 11.4(£2.62)a (2.48+0.05 )ab (0.31+0.01)a 8.09(£0.39)a
N2 (132£18.2)a (32.9£2.19)ab 9.53(£0.62)a (2.49+0.08 )ab (0.30+0.02)a 8.18(£0.26)a
N3 (115£10.3)a (37.0£8.41)ab 11.7(£1.09 )a (2.6420.23 )a (0.32+0.04 )a 8.29(£1.65)a
N4 (113£16.5)a (39.843.11)a 10.5(£0.62)a (2.61£0.09)a (0.32+0.03 )a 8.26(+0.71)a
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