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Abstract Continuously excessive nitrogen N input in vegetable—greenhouse is one of the major problems in China, especially in Shouguang,
Shandong Province, the famous vegetable production base, which has cause the imbalance of C/N, the decrease of utilization rate of N and fall
of fruit quality. Besides, over accumulation of soil nitrate—nitrogen NO; —N in protected vegetable fields will give a serious menace to the
quality of groundwater. Aiming at these problems, a field experiment was conducted to study the effects of different N levels 1 000, 740, 550
kg-hm™? and models of applying N fertilizer reducing chemical N fertilizer, reducing chemical N fertilizer combined to adjust soil C/N ratio,
reducing chemical N fertilizer combined to adjust soil C/N ratio and adopting drip irrigation on tomato N uptake, N utilization and NO;-N
residual in soil. The main results were as follows tomato yield were increased after applying N fertilizer and yield growth rate reached over
20%. The maximum production 108 349 kg-hm™ and value cost ratio 26.1 appeared in the model of 55%N—farmer+S+D. Compared with

the local farmer’s conventional model of applying N fertilizer N—farmer , N use efficiency and N agronomic efficiency of reducing chemical N
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fertilizer combined to adjust soil C/N ratio and adopting drip irrigation measure 74% N—farmer. 74%N—farmer+S.74 %N—farmer+S+D and

55%N—farmer+S+D  were all increased, N use efficiency of 55%N—farmer+S+D was 9.56% and N agronomic efficiency was 43.67 kg kg™,

respectively, which were both significantly higher than N—farmer P<0.05 . There was no significant difference of N physiologic efficiency a—
mong the models, the maximum value was 598.06 kg - kg™ in the model of 55%N—-farmer+S+D. N fruit production efficiency and N harvest in—
dex of 55%N—farmer+S+D was 493.81 kg kg™ and 53.84%, respectively, higher than N—farmer. The research on N balance indicated that N

surplus apparent N losses was more higher in N—farmer than others models, the apparent N of 55%N—-farmer+S+D was 186.24 kg - hm™

which was significantly lower than N-farmer P<0.05 . In the same soil depth, the amount of NO;—N of different models of applying N fertiliz—
er increased from the flowering stage to the full fruit stage, but decreased from the full fruit stage to last harvest. The NO;-N accumulation in

the soil layer of 0~100 cm of the models of 74 %N—farmer+S, 74%N—farmer+S+D and 55%N—farmer+S+D were lower than that of N-farmer.

The NO;-N accumulation of the model of N-farmer model was 705.24 kg -hm™, which was higher than others models at last harvest. 74%N-

farmer+S+D model accumulated less NO;=N in the soil, which was 453.75 kg -hm™. Nitrate accumulates mostly in the soil layer of 0~40 cm

and less in deep soil layers, relative nitrate—N accumulation account for more than 50%. The results of all the above—mentioned indicated that

the model of 55%N—farmer+S+D is the feasible N management practice.

Keywords models of applying N fertilizer; drip irrigation; accumulation of NO;=N in the soil
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Table 2 Amounts of fertilizers in different models
N/ P05 / K0 / N/ P,Os / KO /
kg hm kg-hm kg hm kg-hm kg hm kg hm
NO 0 800 885 0 0 0
N-farmer 1000 800 885 960 912 716
749%N—farmer 740 800 885 960 912 716
74%N~farmer+$ 740 800 885 960 912 716
74%N—farmer+S+D 740 800 885 960 912 716
55%N—farmer+S+D 555 800 885 960 912 716
. N 1.16% P,0s 1.1% K,0 = /
1.1% N.P,05.K,0= 5% . 1.5 x100%.
cm 35kg- - 67% N =[ -
1.01% P,0s 1.07% K,0 / 1x100%.
15.46% C/N  83. 1.5 cm =
2 / .
3 . = -
3 - .
Table 3 Irrigation recording in the field = - /
6 /m? /mm °
NO 42 63 = X
N—farmer 42 63 /10,
74%N—farmer 42 63 —
74%N—farmer+S 42 63 / %«100%.
74%N—farmer+S+D 12 18
55%N—farmer+S+D 12 18
2.8 m 11 m,
50 ¢m .
1.4 + -
. 0~20 ¢m.20~ .
40 ¢cm~40~60 cm.60~80 cm  80~100 cm
3 [12]
. kg-hm? =
+ _ _
1.5 26 kg
H,S0,~H,0, kg,
. SAS
1.6 0.05 .
) 2
/ .
= / 2.1
4 NO
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Table 4 Economic analysis of different N models
/g hm™ 1% /g ke /x10°  -hm? ;-
NO 84 114b — — 21.9 —
N—farmer 106 413a 26.5 22.32h 27.7 13.4
74% N—-farmer 103 401ab 22.9 23.56b 26.9 15.5
749%N—farmer+S 107 655a 27.9 31.83ab 28.0 19.0
749%N—farmer+S+D 101 058ab 20.1 22.9b 26.3 13.7
55%N—farmer+S+D 108 349a 28.8 43.67a 28.2 26.1
N—farmer P<0.05 .
20% 6 74%N—farmer. 74%N—farmer+S . 74%
N—farmer N—farmer+S+D  55%N—farmer+S+D
74%N—farmer+S ~ 55% N—farmer T4%N-
N—farmer+S+D N—farmer farmer  74%N-farmer+S+D
1.2% 1.8%. 24.04 kg - kg™ N—farmer P<0.05 .
VCR 2 ua, 55%N-farmer+S+D .
VCR 2 N—farmer 6.5% 6.1%
N—farmer
N—farmer 55%N—-farmer+S+D VCR
N-farmer 1.9 . C/N
2.2 .
5

10% 5 55%N-farmer+S+D

9.56% N-farmer 3.92%.

55%N-farmer+S+D. 74%N—-farmer+S+D . 74%N—-
farmer+S. 74%N—farmer. N—farmer 74%N—farmer+
S+D  55%N-farmer+S+D
P<0.05 . N-farmer

N—farmer

55%N—farmer+S+D
598.06 kg kg™
N-farmer 538.19 kg kg™ .
74%N—farmer. 74%N—farmer+S . 74%N —farmer+S+D
55%N —farmer+S+D N-
5.6%.42.6%.2.6% 95.7% 55%
43.67 kg - kg™

farmer

N—farmer+S+D

5
Table 5 Effects of different models of applying N fertilizer on N

utilization efficiency

1% /kg-kg™! /kg-kg™
NO — — —

N—-farmer 3.92b 538.19a 22.32b
74%N—-farmer 7.27ab 355.28a 23.56b
74%N—farmer+S 8.33ab 366.53a 31.83ab

74%N—-farmer+S+D 9.46a 262.76a 22.9b
55%N—farmer+S+D 9.56a 598.06a 43.67a

6

Table 6 Effects of different models of applying N fertilizer on N

production efficiency on tomato

/kg kg™ /kg-kg™! 1%
NO 26.98a 474.6a 51.88a
N-farmer 26.69a 463.72a 50.75a
74%N—farmer 24.04b 439.09a 50.82a
74%N—-farmer+S 24.36ab 441.51a 48.10a
74%N—farmer+S+D 24.04b 414.57a 49.40a
55%N-farmer+S+D 24.18ab 493.81a 53.84a
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0~100 74%N—farmer+S. 74%N—farmer+S+D  55%N-
cm Nmin
700 AL
600 +
[14] 500 +
m » “‘
300 N
A\
200
7 100 +
N—farmer e .
T 1000
382.72 kg-hm™ 74% " B
N—farmer 120.54 kg-hm™ < ool
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0~100 cm 921.85 kg hm™
5 8 M1 REREESTRRE S WD IR mHSERR
N-farmer 744.76 kg- hm™, Figure 1 Distribution and accumulation of NO;=N in soil profile
2~3 with different models of applying nitrogen fertilizer
0~ at different growth stage
7 kg-hm™
Table 7 Nitrogen balance during the whole tomato season kg-hm™
N N
N
NO 0 168.61 149.24 178.67 139.18 0
N-farmer 1000 168.61 149.24 229.89 705.24 382.72
74%N—farmer 740 168.61 149.24 235.69 701.62 120.54
74%N—farmer+S 740 168.61 149.24 244.12 493.66 320.07
74%N—farmer+S+D 740 168.61 149.24 245.82 453.75 358.18
55%N—farmer+S+D 555 168.61 149.24 225.22 461.39 186.24
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Table 8 Effects of different models of applying N fertilizer on relative nitrate—N accumulation in soil profile of different growth stage %

/em
‘ NO N—farmer 74%N—farmer T4%N—~farmer+S ~ 74%N—-farmer+S+D  55%N-farmer+S+D
0~40 43.70 50.19 59.01 48.89 64.68 57.24
40~100 56.30 49.81 40.99 51.11 35.32 42.76
0~40 36.91 56.52 56.00 58.71 56.71 5038
40~100 63.09 43.48 44.00 41.29 43.29 49.62
0~40 59.07 51.68 58.33 52.91 47.15 60.37
40~100 40.93 48.32 41.67 47.09 52.85 39.63
farmer+S+D N—farmer .
P<0.05 .
8 3 10%
0~40 cm
50% C/N
. 40~100 55%N—farmer+S+D
cm P<0.05 .
. . 55%N—farmer+
. S+D 43.67 kg kg™
3 N—farmer P<0.05 45%
C/N
[18]
1l . 55%
s, N—farmer+S+D N—farmer
N—farmer
T4%N—farmer+S  55%N—farmer+S+D .
N—farmer 1.2% 1.8% N—farmer
55%N-farmer+S+D N—farmer « 55%N—farmer+S+D
[15]
[16]
NO;-N . i 0~90 cm 45 kg - hm=2M,
0~100 cm

N-farmer
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0~100 cm 705.24 kg -hm™
45 kg hm™ .

[21]

20~30 cm
0~30 cm o],
55%N—farmer+S+D
30 cm
Mahdi Gheysari

[22]
. 0~40 cm
2324
0~40 cm 55%N -
farmer+S+D 60.37%
55%N—farmer+S+
D .
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