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Response of soil organic nitrogen fractions and tomato yield to irrigation
and nitrogen fertilization in greenhouse
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Abstract: [ Objectives ] Acidolysable ammonium N (AN) and acidolysable amino acid N (AAN) are the
dominated forms of soil organic nitrogen, which play key roles in the processes of soil nitrogen metabolism and
nitrogen supply for plant growth. The effect of long-term irrigation and nitrogen fertilization on the AN and AAN
contents was investigated, to evaluate soil nitrogen supply ability and provide reference for scientific water and
nutrient management in greenhouse. [ Methods ] A five-year’s tomato field experiment was conducted in the
greenhouse of Shenyang Agricultural University. The field was mulched with plastic film and drip irrigation
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pipes were loaded under the film. The treatment included three nitrogen rates of 75 kg/hm* (N), 300 kg/hm’ (N,)
and 525 kg/hm* (N,), and three irrigation rate, in which the irrigation amounts were controlled in soil water
tension ranges of 25-6 kPa (W,), 35—6 kPa (W,) and 45—6 kPa (W,). The yield and yield components of tomato
were investigated in August 2016. The contents of soil organic nitrogen fractions, total nitrogen (TN) and
organic carbon (SOC) in 0—10 cm, 10-20 cm and 20-30 cm soil depths were determined in the fallow period
(September, 2016). [ Results ] The proportions of acidolysable N (AHN) in 010, 10-20 and 20-30 cm deep of
soil were 66.0%, 64.6% and 55.2%, respectively. The contents of TN, SOC and all soil organic nitrogen
fractions, except acidolysable amino sugar N (ASN), decreased with the increasing of soil depths, and the
differences of contents among the three soil depths were significant at 5% level. The content and the proportion
of each fraction in the AHN was in order of AAN, AN > acidolysable unknown N (UN) > ASN. Under the
same N application rate, the contents of AN in 0-30 cm soil depths and the contents of AAN in 0—20 cm soil
depths were both the highest in the irrigation treatment of W,. Moreover, the contents of AAN in 0—10 and
10-20 cm soil depths were also the highest in the W,N, treatment (35 kPa + 75 kg/hm®). The single effect of
irrigation and nitrogen rate on tomato yield and yield components were extremely significant (P < 0.01), and their
interaction was also significant (P < 0.05). AN content during the fallow period had a significant negative
correlation with tomato yield. There were no significant differences in tomato yield among the treatments of W,N,
(25 kPa + 300 kg/hm?), W,N, (35 kPa + 75 kg/hm?) and W,N, (25 kPa + 75 kg/hm?). [ Conclusions ] Irrigation
and nitrogen fertilization significantly influence the contents of total nitrogen, acidolysable nitrogen, acidolysable
amino acid nitrogen and acidolysable ammonium nitrogen in the soil (P < 0.01), but not on soil organic carbon
contents. Significant interaction of irrigation and fertilization is existed at the same time. In the view of water-
saving and nitrogen-reducing with high tomato yield, keeping soil water suction in range of 35—6 kPa, and
applying N of 75 kg/hm® is the optimum combination of irrigation and nitrogen fertilization in tomato production
inside greenhouse.

Key words: acidolysable ammonium N; acidolysable amino acid N; fertigation under plastic film;
soil water suction; nitrogen rate; tomato yield
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Table 1 Single and total irrigation amount during tomato
growth period in different treatments

e KT IR UK SRR
Treatment Irr-iga.ltion low  Single irrigation Total irrigation
limit (kPa) amount (m3/hm?) amount (m3/hm?)
WN, 25 96.46 2508.0
WN, 25 99.96 2499.0
WN, 25 99.44 2486.0
W.N, 35 109.68 1974.2
W.N, 35 104.56 1882.0
W,N; 35 112.93 2145.6
W.N, 45 111.30 1780.8
W.N, 45 115.26 1844.2
W.N, 45 111.68 1786.8
PR AR
9 =0.5205 (1 + 6382.435'1:501) 0% 1
F=0995 P <0.0l &
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Table 2 Contents of total N, organic C, C/N ratio, acidolysable and non-acidolysable N at various soil depths
under different irrigation and nitrogen fertilization treatments

+JZ (cm) Ab B 2 (gke) UL (2/ke) TRA L R SR (mg/ke)  ARFRMEA (mg/kg)
Soil layer Treatment Total N Soil organic C C/N ratio Acidolysable N Nonhydrolysable N
0—10 WN, 1.90 be 17.03 8.97 be 1099.53 b 656.37 ¢
WN, 225a 16.84 7.48d 1029.57 ¢ 956.84 a
WN, 227a 18.73 8.24 cd 1103.01b 911.54b
W.N, 1.67d 18.16 10.87 a 1148.51 a 407.67 g
W.N, 2.02b 17.90 8.85 be 1162.02 a 671.41d
W.N;, 1.73 cd 16.96 9.81 ab 1164.20 a 189.11¢
W.N, 1.82 c¢d 18.49 10.17 ab 1096.31 b 598.61 f
W:N, 1.77 cd 19.44 1097 a 1083.94 b 468.64 ¢
W,N;, 2.00b 18.02 9.00 be 1170.33 a 570.62 d
HE/K Water (W) ok ns ok o .
Jiti % Nitrogen (N) ok ns * ok ok
W x N ok ns * ok ok
10—20 WN, 1.47 cd 15.08 10.30 774.55 ¢ 619.39 ¢
WN, 140 ¢ 12.66 9.05 720.54 f 564.11d
WN; 1.50 ¢ 18.17 12.11 886.54 ¢ 474210
W.N, 1.43 de 15.71 10.96 966.25 ab 380.93 ¢
W.N, 1.43 de 14.63 10.22 948.78 b 37534 ¢
W.N, 1.28 f 13.87 10.86 825.32d 246.62 ¢
W,N, 1.71a 14.70 8.59 973.70 a 656.31d
W,N, 1.58b 17.07 10.80 759.92 ¢ 689.39 a
W.N, 140¢ 16.84 12.04 886.83 ¢ 345.57d
WK Water (W) ok ns ns ok ok
Jiti% Nitrogen (N) ok ns ns ok ok
W x N oK ns ns wox oK
20—30 WN, 0.75¢g 10.80 14.47 450.35 ¢ 204.16 d
WN, 1.01 de 8.67 8.57 388.98 f 486.32d
WN, 1.06 de 11.42 10.83 554.64 ¢ 315.11f
W.N, 1.13 ¢ 11.21 9.89 562.78 be 492.75d
W.N, 1.39b 12.94 9.29 594.64 a 659.68 b
W.N, 1.00 e 11.04 11.07 483.56d 333.10 g
W.N, 1.55a 11.80 7.62 578.56 ab 846.94 a
W.N, 0.89 f 10.953 12.36 408.66 f 33849¢
W3N;, 1.09 cd 10.862 9.96 572.02 be 314.56 ¢
HEK Water (W) ok ns ns *k ns
Jiti% Nitrogen (N) ok ns ns ok ok
W x N ok ns . ok ok

i (Note) : N,—75 kg/hm?; N,—300 kg/hm?; N,—525 kg/hm?; W —25—6 kPa; W,—35-6 kPa; W,—45—6 kPa, [RIZI%HE 5 A F7+HF
ForR Al — 12 AL BRIE]) 2% 7k B 1 357K (P < 0.05) Values followed by different letters indicate significant difference among treatments in the
same layer according to Duncan’s test (P < 0.05). *—P < 0.05; **—P <0.01; ns— /23 Not significant.

TEERMA YRS B2, BEEEMANL MY, A LR R AR 4R
BeE AR AR, AL . BRI S BAE L w, REAREREK . L AR LA
BHREKMEENR, Wt 8R R, gL,  RWHEONUE. AEF5EH 0—30 cm RJEHHEK T
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Fig. 1 Contents of acidolysable nitrogen fractions in 0—30 cm layer of soil under different irrigation
and fertilization treatments
[ (Note) : N,—75 kg/hm*; N,—300 kg/hm?; N,—525 kg/hm*; W —25—6 kPa; W,—35—6 kPa; W,—45-6 kPa. AN—R i A
Acidolysable ammonium N; ASN—i%f# 2 H: 4 % Acidolysable amino sugar N; AAN—FRf# & JEFR A Acidolysable amino acid N; UN—2 f#
KINAA Acidolysable unknown N. J5 kb)) 7R [6] — 2 43 A [6] Ab 3 8] 25 53 b 3 (P<0.05) Different letters above the bars indicate
significant difference among treatments for the same nitrogen fraction according to Duncan’s test (P<0.05).]

#3 TEKRBETRELREAGINAANSENERSEST
Table 3 Two-way ANOVA analysis to contents of soil organic nitrogen fractions under different irrigation
and nitrogen fertilization treatments

- R SR PR 2 S R PR 2 FER A BRFA IS A
. Acidolysable Acidolysable Acidolysable Acidolysable
Soil layer Variable . . . .
ammonium N amino sugar N amino acid N unknown N

0—10 7K Water (W) ok . o .
Jifi % Nitrogen (N) sk . o s
W xN ok *% *% %
10—20 K Water (W) - . . -
Jii% Nitrogen (N) ok o . o
W x N *k *k Kok *ok
20—30 K Water (W) ok ns o ..
Jifi % Nitrogen (N) ok o . .
W x N *3 ok sk *

# (Note) : *—P<0.05; **—P<0.01; ns—A .3 Not significant.

B, R R AKERLEN FIEERIAMEEY  REBRMEAEBATE. DAV SIERAA S
M, BXULIHIE M A B K A B A A A T £ e B EER AR BESS (P>0.05), 2A5
A, WY, s Eem - Eesmmanl  JEmRm AR WAL B E K (P <0.05), HHEANL
fe, HAPLICHUERCHE T 4E+y T IRALABE IR S SRS 2R . B SR S 53 2 (8] AH DG 3K 24k b 2%
FER =y Ko R A A VR S BRI IEMHE (P<0.01), AUFREN, AL 115
Shy Bt K VG I R AR AU ARAFGE P EEK TR éﬂﬁﬁm%zﬂﬁﬁwim AU S 2R . R
R, MUK AR BN AU AR EASAN R ENG, 2R 5RM A . RFaS
F, X ATRESE B TS BT AR B R A (R T K it 2 ﬁ\#M%ﬁmﬁ%mim,L5$1ﬁﬁm%w#
AbER, N HIEE PLER SR AR B EER . B, WIKERET RS2SR AURSEILAYN
ARG RN, EH AL, R, Bl SREKREE.
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Table 4 Yield and single fruit weight of tomato under
different irrigation and fertilization treatments

b3 FERE (¢ 100 kg/hm?)  BURTE (g/fruit)
Treatment Yield Fruit weight

WN, 140.88 £4.58 a 166.50 £4.23 b
W N, 14132+ 14.36 a 18591+ 14.46 a
W.N, 116.74£5.35b 151.94 +3.74 bed
W.N, 13823+ 1.06 a 164.67 +2.37 be
W.N, 105.54+1.93 b 14538 £2.07 cd
W.N;, 107.97£2.74 b 134.19+1.84d
W:N, 11936 £3.37b 162.70 = 2.65 be
W:N, 124.45 £ 3.78 ab 162.21 £ 6.65 be
W3N, 116.75+4.54 b 150.42 + 0.44 bed
W, 13298 +6.15a 168.11+6.65a
W, 117.25+535b 148.08 £4.57b
W, 120.19+£2.27b 158.44+2.88 a
N, 132.83+£3.78 a 164.62+1.69a
N, 123.77+£6.74 a 164.50 +7.48 a
N, 113.82+£2.62b 14551 +3.09b
WK Water (W) ok ok
Jifi % Nitrogen (N) ok ek
W x N & sk

H (Note) : N,—75 kg/hm?; N,—300 kg/hm?; N,—525
kg/hm?; W,—25-6 kPa; W,—35-6 kPa; W,—45-6 kPa, [R5
5 AN )RR R [F)— L J2 AL B 22 53R B i 37K F- (P < 0.05)
Values followed by different letters in a column indicate significant
difference among treatments in the same soil layer accoring to
Duncan’s test (P<0.05). *—P < 0.05; **—P <0.01.

ARPTERMT, LA E A BLER ] DI SR AR PR
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T i e 24 RURITTR fife 2 i TR S U it - 4 v e =

x5 TRANFESSER. BIRNEN~ERNREXSH ()
Table 5 Partial correlation analysis of soil organic nitrogen fractions with soil total nitrogen,
organic carbon and tomato yield

BHHLRA > 4% Soil total N A MLk Soil organic C F&hr - i Tomato yield

Organic N fraction (n=27) (n=27) n=9)

RIS A Acidolysable ammonium N 0.780™ 0.803™ —0.686"
T2 fif A HHE A Acidolysable amino sugar N 0.127ms 0.2050s —0.232ns
PR R FEER A Acidolysable amino acid N 0.802* 0.827 ~0.300"
TR fif A ZS % Acidolysable unknown N 0.607"* 0.588"" 0.204"
F2ff A Acidolysable N 0.901" 0.926™ 0.540r
IEARf% % Nonhydrolysable N 0.421" 0.290" 0.246"

1 (Note) : *—P<0.05; **—P<0.01; ns—A % Not significant.
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