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Abstract: Aiming to reveal the fate and transformation mechanism of soil nitrogen under coastal facilities
cultivation, three treatments, including subsurface drainage combined with microbial organic fertilizer
application (S — OF), subsurface drainage combined with inorganic fertilizer application (S — IF) and
inorganic fertilizer application without subsurface drainage ( CK) were designed. The model system was
grape and rape intercropping cultivation. The distribution of soil total nitrogen in vertical profile, the
changes of mineral and organic nitrogen in tillage layer and their correlation with soil physical and
chemical properties were observed. The results showed that soil bulk density was decreased and soil
porosity was increased under the combination of subsurface drainage and microbial organic fertilizer
application ; subsurface drainage promoted the transfer of total nitrogen from topsoil to deep soil, and the
reduction rate of total nitrogen in topsoil of S — OF treatment was smaller than that of S — IF treatment;
more than 80% of total nitrogen in topsoil existed in the organic form, and the proportion of mineral
nitrogen was very small, S — OF was beneficial to the increase of mineral nitrogen content in the later
stage of the experiment; the mineral nitrogen content in plough layer soil was positively correlated with
soil organic matter and total organic carbon. Subsurface drainage and application of microbial organic

fertilizer were conductive to improving the soil structure in coastal land, increasing the content of organic
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matter and total organic carbon in tillage soil, and promoting the transformation of soil organic nitrogen to

mineral form. The conclusions can provide scientific basis for the improvement of coastal greenhouse soil

and the decision-making of irrigation and fertilization.
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e T 2015 48 3 H—2018 4F 4 HTEWITLA BiE
THTHIE B A [ X (b4 30°107, AR 48 121°13") it
1o w050 Hb Jm T B, A R B Y 2 4y B
1961—2010 4 2 3 i 4E ¥ Sk 16.4°C, 7 A
Al B, P YR 28°C 5 1 ] B Ak, P 2R
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Tab.1 Soil physical and chemical properties
TIREE/ o FRAS HLGR/ SRR BT SVAEB R BSABREL, WESEAER/
p
cm % (uS+em ™) S8/ % (g-kg™") (mg-kg™") (mg-kg™")
0~20 8.1 22.2 652 1.61 0.42 2.11 62.1
20 ~40 8.4 23.1 748 1.55 0.35 2.25 55.7

1.2 Kigit

RGBT 3 DA R AL B, B4 HE K 2544 HL
AEARFE (S — OF ) |1 3 HE /K 45 & CHLAE b BE (S — 1F)
FIJE I A5 HEAK B T HUAE AL B0 (CK) o AR AS b 7138 38
T FLZ 9 540 m* (18 m x30 m) ,3 Y &L, B 44> T
SRR 180 m* (6 m x 30 m) . Xif I 45 /K b 2R Al
(S—OF.S—1IF) ffi Fil 4 M HEKE (B 1 BTR NS - Fig- 1
OF S~ IF Jb B 1 AT ) . HEAREHLLE 0.8 m I AR 2 L3 R RS R
() F R, O T K S R HEK A R 6 m R R B T TR AF. W8 R T 2 HE K T
B HEKE R R A R R SR N B g - (D) PSRRI . R AR, A B R
WA i g NEE K AL, % S i, B AR IS, 22/ 6 cm, 98 60 cm, A1 4B W 22 (4] (1) #E
WK EE R 30 m B TS mm, EHEEIBINT, /R B8 25 emy CKBR T JCME A HEAK AL, B0 /1N X 43 A

FH ] A5 757 5

Schematic of experimental arrangement
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Tab.2 Fertilization date and amount

AR, MR e
4 H i
(kgshm™2)  (kgrhm ) (kg-hm2)
310 H 70 40 30
2015 528 H 60 34 26
10 H17 H 210 120 90
4 13 H 80 46 34
2016 6 A6H 70 40 30
10 420 H 210 120 90
4 77H 80 46 34
2017 6 A2H 70 40 30
10 4 18 H 210 120 90
2018 322 H 80 46 34
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U 2 BT R, R R T XA T O O E
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Fig.2 Irrigation amounts for crops during experimental period
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Fig.3 Profile distributions of total nitrogen during 2016—2018
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Fig.4 Dynamics of mineral nitrogen and organic nitrogen under different treatments
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0~20 cm +2H,14. 1% ~19. 6% 5% 8 F 20 ~40 cm 1+
BEH,9.0% ~14.5% 5% % F 40 ~ 60 ecm + 2 i,
43.4% ~59. 5% PAHBR WO R (S, Bl b A [
ING R R IR AR AL BEAE 0.05 K B 2257 B3 ) .
NERHA R B L 2 W2 T R, 0 ~20 em
520 ~40 em + 2P0 CK 4b B R B} R K 5% B &2 I
#,HY S—OF ab¥Z [a) 22 R I A W3 (p >0.05)
40 ~60 cm 1 ZMERI R R & DL CK &, H 3%
EFS—OF fM1S—1F(p<0.05), HikKFE,CK 4
L0 ~60 cm 48 IR A 1Y 5k B == AL TR KR,
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2.4 HETEBAMR
#Z 4 E pH {H i KBI/MER N S—O0F . S—1F

CK,1fi T3 EC A 5 Z AR (K 3) , X ATREH TG
A5 HE K i 6 HR AL 38 CK BF 2 R T 3 2 0 R
H R L B, 3 A pH (R R EC TR . ASRIAL
FEHHE AT LS —OF Mk, B 1.45 g/em’ , B 3
KT S—IF F1 CK 4L ¥ (p <0.05) , + 3 FLERJE LA
S—OF &b ¥ & &5, ik %) 45.3% ;S - IF Wz, N
42.3% ;CK Rb 3 438 FL IR BE b AR T HAB AL 3 (p <
0.05) 04 39.3% . AWF5EH S —IF Kb H)Z + 1
FEEFEMT CK 3, LB R E R T CK, %M
M5 A5 HE K X e B #F 2 - A5 A I SR 5 i R A
EREHOK TR AVIEAA R S - OF # 2 LA E
L B R 1 L0 25 SR A F JC AL b B S — TF, 3 33
W] S — OF Ab #U%T -+ 3 45 F 11 3 36 J2 5 4 HE 7K R0 4L
YA NCIL R SRS 25 R . B2 IR LR & i
MG PR & YL S — OF Ab 3 &% &, 40 9 N
3.7% F1 8.4 g/kg, H B35 T HAL B (p <0.05) .
S—1F H1 CK 4b ¥ 2 [a] + ¢4 HL 5T & &t FLE A Lok
TR EFHAEE(p>0.05),
2.5 TEERESTEEAERMNELRSF

T AR S S LA KRR B IEA K
(r=0.676) , BLHHE B A £ 3K H A TRET 1L,
HAIESRA S EMES KB XRIFAE ., IS
RERMANSA ST ®RY S5HEIR S & S8 FEIE
XK (p < 0.01), A 5¢ & 4 4l 35 3 0.981 AN
0.956, Kl , AR SEMAISASES &
A PR S EER AR F (p <0.01) IEAHSE, H & R AL
43928 0.942 F10.905, LA, 07 R A A & A
PLAS R 1 2 A7 76 A 5 35 19 15 A 6 6 &R X ] g

£33 FRLENHETFEELIEFHRM

Tab.3 Effects of different treatments on soil physical and chemical properties

] B R/ KHE/ N AR R A LR R
fib B pH {4 FKE/ % FLBRBE/ % N
(wS+em™") (grem ™) 5388/ % (g-kg™")
S-O0F  (7.70+0.08)" (401.316.8)° (23.2+0.29)" (1.45+0.02)° (45.320.90)" (3.70£0.24)"  (8.40 £0.41)"
S—1F (7.40 £0.08)"  (450.3 +15.5)>  (22.2+0.37)">  (1.530.03)> (42.3£1.24)" (3.00+0.16)">  (7.10+0.24)"
CK (7.13 £0.12)°  (494.7 £13.1)"  (21.4£0.50)"  (1.61 £0.02)*  (39.3+0.94)° (3.2020.16)"  (7.33 £0.45)"

T < [ —F A 6] T BE R AR 7E p < 0. 05 /K225 3

R4 FREECENEINSESCESEXMETFHHEXSH

Tab.4 Correlation analysis between mineral nitrogen, organic nitrogen and environmental factors

AR TE ANSAESE  pHE R oK E A LB AOLBT S A PLRR &

WS AT = 1 0.982 " 0.637 -0.248  0.676" -0.217 0.217 0.981 ** 0.942 **
ARG 1 0. 580 -0.301  0.609 -0.273 0.274 0.956 ** 0. 905 **
pH {4 1 -0.719" 0.995*  -0.705"  0.704" 0.752" 0.798 **

I o 1 -0. 655 0.997* -0.997*  -0.351 -0.416
FKER 1 -0.636 0. 635 0.781" 0.821*
foyEy 1 -1.000*  -0.329 -0.396
FLppE 1 0.329 0.397
AL & 1 0.976 **
SA BLRR & 1

T RIRTE 0. 05 7K b MG, o FoRAE 0. 01 /K R FA K
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KAFTE 0 A AN IR /N, S — OF kb 345 A+
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(1] BRil, 2, BT 45 LRI bR AR s BRI AR IE R A HR REAT R [J]. ARl LA, 2017, 33(12) ;122 - 129.
CHEN Cheng, LUO Wan, JIA Zhonghua, et al. Subsurface drainage system layout to meet high assurance rate of waterlogging



LR BB S WA K A HUAL G T R 35 ¥ B b A AT N HRAE 265

[2]

[6]

[7]

(8]

[9]

[10]

[11]
(12]

[(13]

[14]

[15]

(18]

control in coastal mud-flat farmlands in Jiangsu [ J]. Transactions of the CASE, 2017,33(12) :122 = 129. (in Chinese)
ERKA X0, T A, A P IRt K A SR A P R A HER R (T]. Rl TS24, 2017,33(14) 138 - 144,
WANG Qiuju, LIU Feng, CHANG Benchao, et al. Soil physiochemical properties and subsurface pipe drainage effect of paddy
field in low wetland of Sanjiang plain [J]. Transactions of the CSAE, 2017, 33(14) :138 - 144. (in Chinese)
FWS NG, 2ERE, S BEHKEER RIS REASREMMFRAERIT]. b EESRI SR,
2012, 20(12) :1664 - 1672.
YU Shuhui, LIU Jintong, LI Zhixiang, et al. Mechanism of saline-alkali lands improvement of subsurface pipe drainage systems
and agro-ecosystem response[ J]. Chinese Journal of Eco-Agriculture, 2012,20(12) ;1664 - 1672. (in Chinese)
HOU Maomao, LIN Zhiyuan, CHEN Jingnan, et al. Optimization on the buried depth of subsurface drainage under greenhouse
condition based on entropy evaluation method[ J]. Entropy, 2018, 20(11) :e20110859.
XU, £ 758, 20, 5. IV B i O A0 (R POd B FR SR B [T]. K LR FRATSE, 2015, 22(1) 1168 ~ 171.
LIU Yahui, WANG Xiuping, LI Qiang, et al. Study on rapid desalting of muddy coastal heavy solonchack with low cost[ J].
Research of Soil and Water Conservation, 2015,22(1) ;168 —171. (in Chinese)
A REAS ARk, 45 A () Bl R 3 i o e o8 B R 0t 1 S R BOCR 43 A [ T]. P R AR Ml 24, 2018, 31(11) ;2366 -
2372.
TIAN Dong, GUI Pi, LI Huashan, et al. Effect of different measures on improvement of seashore saline alkali land [J].
Southwest China Journal of Agricultural Sciences, 2018, 31(11) :2366 —2372. (in Chinese)
wss TR R A YA U AE M Dy 5 £k 1 L B ARCR ISR [T]. AR, 2016(12) 2218 -219,229.
GAO Liang, TAN Dexing. Study on application effects of BYM biological organic fertilizer in coastal saline soil of Weifang [ J].
Modern Agricultural Science and Technology, 2016(12) :218 —219,229. (in Chinese)
faf i, 36 7%, S K, S5 I TR R 0O AN () e AE A SO AR E BB SR A BRI R e [T ], K R AR KRR, 2018,32 (3) .
295 -300.
HE Wei, HAN Fei, GUAN Rui, et al. Effects of different fertilization models on nitrogen, phosphorus accumulation and yield of
cotton in coastal saline-alkali soil [ J]. Journal of Soil and Water Conservation, 2018 ,32(3) :295 —330. (in Chinese)
0T KR, 22K A R R R R E Y I BT S KRR LT ] Rl TR AR, 2017, 33(7) .
149 - 156.
LI Pinfang, YANG Yongli, LAN Tian, et al. Physicochemical properties and water holding characteristics of Tianjin coastal
saline soil improved by foreign soil [ J]. Transactions of the CSAE, 2017,33(7) :149 — 156. (in Chinese)
HOU Maomao, ZHU Liidan, JIN Qiu, et al. Surface drainage and mulching drip-irrigated tomatoes reduces soil salinity and
improves fruit yield[ J]. PLOS ONE, 2016, 11(5) :0154799.
B H. BHERADATIM]. 3 . Jbat: o E RO E A, 2005.
ZHONG Fenglin, HOU Maomao, HE Bizhu, et al. Assessment on the coupling effects of drip irrigation and organic fertilization
based on entropy weight coefficient model[ J]. PeerJ, 2017, 5(10) :3855.
sk m,SIKANDER K T, #0882, 5. ARPHEI T BAF £k H g 2w R[], Rl T4k, 2012,
28(18): 192 -199.
ZHANG Junli, SIKANDER K T, WEN Xiaoxia, et al. Soil respiration and its affecting factors in dry-land maize field under
different tillage systems[ J]. Transactions of the CASE, 2012, 28(18) :192 = 199. (in Chinese)
HOU Maomao, SHAO Xiaohou, JIN Qiu, et al. A N —15 tracing technique-based analysis of the fate of fertilizer N a 4-year
case study in eastern China[ J]. Archives of Agronomy and Soil Science, 2017, 63(1): 74 - 83.
HOU Maomao, ZHONG Fenglin, JIN Qiu, et al. Fate of nitrogen-15 in the subsequent growing season of greenhouse tomato
plants ( Lycopersicon esculentum Mill) as influenced by alternate partial root-zone irrigation[ J]. RSC Advances, 2017, 7(55) :
34392 -34400.
PETER M V, GREGORY A, DOUGLAS T, et al. The Mauna Loa environmental matrix; foliar and soil nutrients [ J ].
Oecologia, 1992, 89(3): 372 - 382.
T R, AR, S RE T IR AR B IR AR bR i & /D R B 1 B A B T [T ], Aol TR AR, 2017,
33(12).186 - 193.
QU Sha, LI Zhenhai, QIU Chunxia, et al. Remote sensing prediction of winter wheat grain protein content based on nitrogen
nutrition index at anthesis stage[ J]. Transactions of the CSAE, 2017,33(12) ;186 —193. (in Chinese)
RERE, E@ER,BMAN, . WELDEARARBARTHEA-RILFEMERBMBIELT]. &L TR R, 2018,
34(10) :124 - 130.
ZHANG Yanqun, WANG Jiandong, ZHAO Yuefen, et al. Simulation and verification of photosynthesis-stomatal conductance
coupled model under different nitrogen application rates in winter wheat with drip irrigation[ J]. Transactions of the CSAE,
2018,34(10) :124 —130. (in Chinese)
Bk, AR RO, S BRI AT 2R RNEHT]. RIDREEE S35, 2009, 18(11) :1063 - 1066.
YANG Lin, HUANG Jiesheng, LI Dawen, et al. Experimental study on nitrogen transport and transformation of condition
drainage[ J]. Resources and Environment in the Yangtze Basin, 2009,18(11) ;1063 — 1066. (in Chinese)
PR EE L ARG, TR, A T A HUIE TE K A A R R A AL R CRAAE IR SR [T ] b B R AR R, 2017,
23(3) .80 - 86.



266 PSS A I R = < 2019 4
YE Xiefeng, LI Zhipeng, YU Xiaona, et al. Study on release of nutrients from mineralized organic fertilizer during flue-cured
tobacco growth period[ J]. Acta Tabacaria Sinica, 2017, 23(3) :80 —86. (in Chinese)

[21]  E@E%, X020k, Ty, 4. KA A VLIS A E B L RARMA R Zm [T]. P ERIL R, 2018,
51(12) :2336 —2347.

GAI Xiapu, LIU Hongbin, ZHAI Limei, et al. Effects of long-term additional application of organic manure or straw
incorporation on soil nitrogen leaching risk[ J]. Scientia Agricultura Sinica, 2018, 51(12) :2336 —2347. (in Chinese)

[22] sk b= PhiE. A PUIEEL Y& B i X T S PE B W S sk R [T ], h Bl 4, 2018, 37(27) 1124 - 129.
ZHANG Jiannan, XIE Hongbao, SUN Yan. Effect of rational application of organic fertilizer on soil properties: a review[J].
Chinese Agricultural Science Bulletin, 2018 ,34(27) ;124 - 129. (iin Chinese)

(23] REAE,HSR. AYUEFRCACIIEC & it A 139 R RDR A R PR i [T . a4t 2004 ,41(1) 87 - 92.

XU Yangchun, SHEN Qirong. Influence of long-term combined application of manure and chemical fertilizer on supplying
characteristics of nitrogen in soil particle fractions[ J]. Acta Pedologica Sinica, 2004, 41(1) :87 —=92. (in Chinese)

[24] 22, 24H. AYUEEART L MF RO R IERT]. mYE ISR, 2012, 18(3) :749 -757.

LI Lingling, LI Shutian. A review on nitrogen mineralization of organic manure and affecting factors [ J]. Plant Nutrition and
Fertilizer Science, 2012, 18(3) :749 —757. (in Chinese)

[25] W2, 87, HMAE, 5. AR BN E HRIERLT]. $ W 19gR 2, 1993, 2(2) .88 - 92.

PAN Zhi, HUANG Ping, JIANG Daihua, et al. Amelioration of waterlogging paddy field by closed drainage[ J]. Ecology and
Environmental Sciences, 1993, 2(2) :88 —92. (in Chinese)

[26] BRLV, 840 mEHO KOS L KW RAMEZCRIT]. W%, 2000(2) :59 - 60.

CHEN Shiping, DAI Hongxia. Effect of underwater drainage on cold soaking in mountain areas [ J]. Journal of Zhejiang
Agricultural Sciences, 2000(2) :59 —60. (in Chinese)

[27] BAO Tengfei, HUANG Wenbing, CHEN Xiadong, et al. The effect of subsurface drainage system on soil condition and tomato
quality[ J]. Journal of Food Agriculture & Environment, 2013, 11(2): 331 —335.

[28] SERIN, 27 WEHACH BB = LA ME B ma [T ], RIDICEA M BRR) &R 24, 2007, 4(2) :4 -5.8.

Al Tiancheng, LI Fangmin. Effect of subsurface drainage on physical and chemical properties of cultivated strata on water-
logged land[ J]. Journal of Yangtze University ( Natural Science Edition) Agricultural Science Volumn, 2007,4(2) :4 -5,8.
(in Chinese)

[29] P98, 882000 AR EE. WG HK B R BEHE BOKAE L RBCR [T]. AR EL, 1989(2) 19 ~12.

FAN Yekuan, CAI Liewan, XU Huabi. Effect of underwater drainage on improving waterlogged paddy soil [ J]. Soil Fertilizer,
1989(2):9 —12. (in Chinese)

[30] Z=dtly, EOANE, 22655, AV AT LB AL S VR RE ) Jr i 2 [T ). R34, 2003, 40(2) ;232 -238.
LI Jumei, WANG Chaohui, LI Shengxiu. Significance of organic matter, total N and minerable nitrogen in reflecting soil N
supplying capacity[ J]. Acta Pedologica Sinica,2003, 40(2) :232 —238. (in Chinese)

[31] B, BARA, XU O, %, 3§06 A PLAC X 08 F LA ALk 4 0 4818 &2 CO, fEfk s m [T]. M w B} 4, 2017,
50(12) .8 -13.

LIANG Taibo, ZHAO Zhenjie, LIU Qingli, et al. Effects of organic manure on soil organic carbon composition and CO,
emission in tobacco planting field [ J]. Tobacco Science and Technology, 2017, 50(12) :8 —13. (in Chinese)

[32] MURUGAN K,RADHA P,NGANGOM B, et al. Evaluating the plant growth promoting ability of thermotolerant bacteria and
cyanobacteria and their interactions with seed spice crops[J]. Scientia Horticulturae, 2013, 164 94 — 101.

[33] A%, mFIAG , 2595 0, 4. IR [l A3 HUAE X B0 1 5 3 JCH 338 A O TRI T 25 A0 LA & o e i 2 A8 BRAE B2 [T ] i
TLAR 241, 2013, 25(5) :1079 - 1085.

LI Chuanzhang, GAO Lijuan, LI Jijin, et al. Impact of different organic fertilizers on different forms of organic carbon and
carbon pool management index in a newly-built greenhouse vegetable soil [ J]. Acta Agriculturae Zhejiangensi, 2013,25(5) :
1079 - 1085. (in Chinese)

[34] ZBERG /N, BHE 55 LW 5 KA DU X35 b 34 SRR A 2> KR A K g2 ma [ ], wa el 24, 2017,
26(4):617 —624.

LI Xifeng, YANG Xiaoni, LUO Yanjun, et al. Effect of combination of biochar and organic fertilizers on soil organic carbon
fractions, growth and yield of apple orchard[ J]. Acta Agriculturae Boreali-occidentalis Sinica, 2017, 26(4) :617 —624. (in
Chinese)

[35] YANG J M. Simulating the effect of long-term fertilization on maize yield and soil C/N dynamics in northeastern China using
DSSAT and CENTURY -based soil model[ J]. Nutrient Cycling in Agroecosystems, 2013, 95(1) : 287 - 303.

[36] SREH XNBA, LR, %, TIEARKSAYIKEERRTTRIRT]. WERIAMR, 2016,31(3) :319 -325.
ZHANG Jiachun, LIU Yingying, HE Hongzao, et al. Research progress in the relationship between soil aggregates and organic
carbon fixation [ J]. Fujian Journal of Agricultural Sciences, 2016, 31(3) :319 —325. (in Chinese)

[37] SRS, ¥Ba A, % BAREEANR S ESAREESR & MM CHELT]. b Mol B8 K% # iR, 2013,

33(7):114 - 118.
ZHANG Jing, JIANG Xin’ge, HE Jienan, et al. Relationship between forest soil organic carbon content and nitrogen content

with different forms[ J]. Journal of Central South University of Forestry & Technology, 2013, 33(7) :114 —118. (in Chinese)



