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Determination of the input threshold of nitrogen fertilizer based on environment—friendly agriculture and
maize yield

TANG Wenxue', MA Zhongming”, WANG Jingcai’

(1. Institute of Soil, Fertilizer and Water—saving Agriculture, Gansu Academy of Agricultural Sciences, Lanzhou 730070, China; 2. Gansu
Academy of Agricultural Sciences, Lanzhou 730070, China; 3. Dingxi Academy of Agricultural Sciences, Dingxi 741100, China)
Abstract: The semi-arid region of Loess Plateau is vast and acts as one of the main areas of grain production in China. In this study, field
experiments in the Anding District of Gansu Province in China were conducted to explore the effects of different nitrogen application rates
on maize yield, soil mineral nitrogen accumulation, and soil nitrogen surplus rate, to determine the high—yield and environmentally friendly
optimal nitrogen application rate (ONR) for maize fields. The results showed that the application of nitrogen fertilizer had a significant
effect on the yield of maize. When the nitrogen application rate was 243.72 kg« hm™, the yield of maize was the highest, at 8 139.65 kg -

hm™. Later, with the increase of nitrogen application rate, the corn yield decreased, and the relationship between maize yield and nitrogen
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application rate showed a significant quadratic parabolic relationship; the cumulative amount of soil mineral nitrogen in the 200 cm soil

layer increased with the increase of nitrogen application rate and the period of nitrogen application. The cumulative amount of soil mineral
nitrogen had a significant exponential correlation with nitrogen application rate. When the nitrogen application rate was 270 kg - hm™, the
soil mineral nitrogen accumulated to 563.01 kg« hm™, which was significantly higher than 410.88 kg+hm™ and 480.97 kg hm™, achieved
under the nitrogen application rate of 180 kg-hm™ and 225 kg-hm™; thus, the nitrogen surplus rate was positively linearly correlated with the
nitrogen application rate. When the nitrogen surplus rate was 0, the nitrogen application rate was 179.50 kg - hm™. When the nitrogen
application rate was 179.50~243.72 kg - hm™, the maize yield was 7 925.14~8 139.65 kg - hm™, soil mineral nitrogen accumulation was
409.83~513.08 kg hm™, and the nitrogen surplus rate was 0~49.15 kg-hm™. Based on the comprehensive analysis, when the threshold of
ONR is 179.50~243.72 kg-hm™ in the semi—arid area of the Loess Plateau, a high and stable yield of maize was achieved, and the residual of

soil mineral nitrogen was reduced.

Keywords : nitrogen application rate; yield; accumulation of soil mineral nitrogen; soil nitrogen balance; nitrogen threshold
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Figure 1 The precipitation during maize growing period

in 2011—2013
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Table 1 Physiochemical characteristics of the tested soil

+)2 AL AR BAR A AL - B

Soil depth/cm Organic matter/(g-kg™) NO:-N/(mg-kg™') NHi-N/(mg-kg™") Olsen—P/(mg-kg™) Available K/(mg-kg™) P Bulk density/(g+cm™)
0~20 40.56 23.13 0.831 28.24 186.35 8.4 1.20
20~40 10.39 17.19 0.998 8.82 — 8.5 1.54
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Table 2 Effects of N application rate on soil N surplus rate (kg-hm™)

AL Treatment 2011 2012 2013 F-15 Average
NO -125.94+11.40e -112.82+19.65d —=76.21+7.49f -105.16+7.88f
N1 -3.52+1.28d -96.06+8.77d -49.77+4.54e —-49.78+3.70e
N2 8.84+3.75d -63.49+15.13¢ -28.24+5.50d —-27.63+3.95d
N3 49.21+16.22¢ -24.88+5.97b 19.83+3.13¢ 14.72+5.40¢
N4 111.55+21.22b 23.78+3.29b 60.07+5.79b 65.13+8.87b
N5 226.57+20.78a 131.62+9.06a 162.87+17.76a 173.68+5.10a

TE « [F A [l NG RS A B R 22 57 .25 (P<0.05) .

Notes : The different lowercase letters in a column indicate significant differences among treatments (P<0.05).
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AN AN Z X PSR RG) BLE, 20 205K B — 2t
K5 I GRH Bi 1 RUIE 1 K A T G 1 A il R 2 4
RRE R 225 kg hm 2 AEYI GRS 100 em 2 9
ZHR BB 50 kg hm P AHFSYFBH it A
A, - BT AU 200 em - 20 N 9 B
A M 180,225 kg - hm I, 7 Ji &L 5k BE 4
410.88.,480.97 kg-hm™, #2555 R I 3 it A ik #

http://'www.aed.org.cn

270 kg - hm B}, 9 JiT 40 2 P4 (563.01 kg - hm™) 28]
ETF, B T A 225 kg hm 2B ARIEIREEAL
JF, FEAE 77 o LK it A P TR 270 kg-hm > LA .

R L7 (A2 oz e it 20 o -5 AR O L
RIFEEAENR . R R BRI IR Z A AR L
FMIEAAR KR, s HERE FRARERE
/0 1 kg - hm™, K 2% 21 bR 7K R 22 7K A ) il e R
B AT LAYk 2D 0.08 kg - hm™ F10.12 kg « hm ™%,
AW EAT RIS DI A R B AR RN EAH
KKFR(R=0.921 6) , it A B 100 kg-hm ™, A HR
B A AT FEAIK 76.54 kg - hm™, 24 it &L & K 179.50 kg -
hm 20, B E AN 0, JMCL TR E -y

- B R A 15 1 17 i B AR 0L R R AR
W R P - SRR = B T A D 2R . AR ST 45 51
FEW, 76 A B 179.50~243.72 kg - hm 2 i, oK ™ 4
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AV TR IR B 24 - 5 39 4 - 2R 4 1

} 7 925.14~8 139.65 kg~ hm™, 200 em 1 37 5 & £
FH 53R 56 i - S 4 1 29.19~132.88 kg - hm™, & %
W5 R 0~49.15 kg-hm 2, Jiti & EAKT 179.50 kg-
hm™ B, AR B A U, KRR 238 il - I T
TR A R 243.72 kg - hm 2, PREREAR TR
I H 200 em 30 5T A R R IE R T, X T K
IEEE BU . I KHE 3 AR R 0 AR
R M T 3R AU Ay, R O Rt AT O 179.50~
243.72 kg~ hm™, J A BE PR UE K 7 5 XS+ 585
RRARB/NEIES ABIE . ZBE{E5S 2007 4
12010 47 [ 5 A= 25 BRI ZS & BRI it P 36 5 s v
(<250 kg+hm™)P+¥—F |

4 #ig

X T8 A 5 T 5 X R R 283.1~462.5
mm 9 X3, 586 T 77 0 SR 4 A 1 EOR AR A
{54 179.50~243.72 kg-hm2, & AR T, Tk 4
KB, IR RGO, IF HAGHE il I A
wHAE.

S Lk -

[1] VITOUSEK P M, ABER J D, HOWARTH R W, et al. Human altera-
tion of the global nitrogen cycle : Sources and consequences|J]. Ecology
Application, 1997, 7(3) : 737-750.

[2] CHEN X P, CUI Z L, FAN M S, et al. Producing more grain with lower
environmental costs[J]. Nature, 2014, 514(7523) : 486-489.

(3] B, skAm At v b Jr L 3 25 ) SRR X PRI 1) 52
[J]. SIS, 2003, 12(1):24-28.  JU X T, ZHANG F S. Nitrate ac-
cumulation and its implication to environment in north China[J]. Ecolo-
gy and Environment, 2003, 12(1) : 24-28.

[4] WANG H'Y, ZHANG Y T, AN Q. Optimal thresholds of regional nitro-
gen fertilizer application for wheat in the North China Plain consider-
ing yield and environmental effects[J]. Field Crops Research Volume,
2017(6) :52-61.

[5] 20, MO SC, IREEAR, 45 . S0 R b T OKGE 7 R A 1 R
JE 4% A B D). P R Al 2% 312, 2015, 28(2) :625-631. LUO F X,
LIN C W, TU S H, et al. Threshold of nitrogen inputs of yield and suit-
able environment of purple sloping corn[J]. Southwest China Journal of
Agricultural Sciences, 2015, 28(2):625-631.

[6] R 2, Tl . b5 1 X FOR = FAE B BIEL]. Ph bk
Wb2E4H, 2016, 25(1):9-15. LIAN C Y, MA Z M. Study on N thresh-
old of spring maize in area of northern plain[J]. Acta Agriculturae Borea-
li—occidentalis Sinica, 2016, 25(1) :9-15.

(71 5K, Bl S0, WA, A5 L T M R AT 1 R BB
1 8 2 (). Al R4, 2016, 32(12) : 136-143.  ZHANG J,
ZHAO P Y, PAN Z H, et al. Determination of input threshold of nitro-

gen fertilizer based on environment — friendly agriculture and maize

— 732 —

yield[J]. Transactions of the Chinese Society of Agricultural Engineer-
ing, 2016, 32(12) : 136-143.

[8] #E o5, FEFy, EhAlifil, 45 . I3 WU o it 2 5 A 250 PG 2R ek
WEFE ] AR %4, 2000, 20(4) :659-662.  CULY T, CHENG X,
HAN C R, et al. The economic and ecological satisfactory amount of ni-
trogen fertilizer using on rice in Tai Lake watershed[J]. Acta Ecologica
Sinica, 2000, 20(4) : 659-662.

[9] RJE R, NORSE D, FEz . v [ el i 9575 S il xS M. bt o
[ SR B2 BL4% AL, 2006: 119-201.  ZHU Z L, NORSE D, SUN B.
Control strategy of agricultural non—point source pollution in China[M].
Beijing: China Environmental Science Press, 2006:119-201.

[10] FLIRSE, A 0h . R EHAIEIR1]. 570, 2017, 54(2) 1281
296. JUXT, GU B J. Indexes of nitrogen management[J]. Acta Pedo-
logica Sinica, 2017, 54(2) :281-296.

[11] SRRV . F T A ON IR R0 5 1 AL 1 J R e A 2
il 280 2 7 9 AU D]. AL AR R 24 B, 20185154
ZHANG Y T. Study on detrmination method of reasonable nitrogen ap-
plication of major grain crops in North China Plain based on agronom-
ic effect and environmental benefit[D]. Beijing: Chinese Academy of
Agricultural Sciences, 2018:51-54.

[12] OENEMA O, KROS H, DE VRIES W. Approaches and uncertainties
in nutrient budgets: Implications for nutrient management and envi-
ronmental policies[J]. European Journal of Agronomy, 2003, 20(1/2) :
3-16.

[13] ZHOU J, GU B, SCHLESINGER W H, et al. Significant accumulation
of nitrate in Chinese semi—humid croplands[J]. Scientific Reports,
2016, 6:25088.

[14] Ff B¢, E . 2w SRR M R T D], A 524, 2003, 23
(5):1003-1008. XIAO G J, WANG J. Research on progress of rain-
water harvesting agriculture on the Loess Plateau of Chinal]]. Acta
Ecologica Sinca, 2003, 23(5) : 1003-1008.

[15] AR, Feidt 2 . 20 A g It 1 St AR R BBUAE 25 A0lb 20 #7 (). R
B AR A Al 2741, 2002, 10(1) :101-103. LI F M, XU J Z. Rain
water collecting eco—agriculture in semi-arid region of Loess Plateau
[J]. Chinese Journal of Eco—Agriculture, 2002, 10(1) : 101-103.

[16] FE3CE, Dhl B, FomoA . it 20X 7 AR XA 7)1 K HH
il 285 7 R RUIE AT 28 B 52 [T, 1 5 4 DA WF YL 2015,
33(6):58-63. TANG W X, MA Z M, WANG ] C. Effects of nitro-
gen rate on soil nitrate=N, yield and nitrogen use efficiency of double—
ridge furrow sowing with full plastic film mulching for maize in dry
land[J]. Agricultural Research in the Arid Areas, 2015, 33(6) : 58—63.

[17) 2=, 2R, o5 %, 45 . MhBR AL s RUIE S 6 B MO TR 3 1
YA B AR AR WM e is KA = O Bz m )], b AR,
2018, 51(8) : 1504-1517. LIT, LI S Q, ZHAN A, et al. Effects of
film mulching, nitrogen fertilizer, plant density and its interaction on
nitrogen accumulation, translocation and production efficiency of
spring maize on dryland of Loss Plateau[J]. Scientia Agricultura Sini-
ca,2018,51(8):1504-1517.

[18] SN, LR, FRHE, 45 A SO0 B oK LA AR
F T S HOR) F R 5 )], A 3R S TR R, 2010, 16
(6):1358-1365. LI L, HONG J P, WANG H T, et al. Effects of ni-

http://www.aed.org.cn



JROCT 55 LT i FIERR A Y B b v T IX FOR RIS B RIS 20224F7H

trogen application and irrigation on soil nitrate accumulation, nitrogen
balance and use efficiency in summer maize[J]. Plant Nutrition and
Fertilizer Science, 2010, 16(6) : 1358-1365.

(197 X1 Fi, TOARBR, KRR UG, 25 . 2 5 AN [F) B B A Rt 280 & H
5 03 FWV-BRRBLOESE) ). A8 R SRR, 2011, 17(4)
934-941. LIU R, DAI X L, ZHENG X F, et al. Net nutrient balance
in soil under different cultivation pattern and nitrogen application rate
in semiarid region[J]. Plant Nutrition and Fertilizer Science, 2011, 17
(4):934-941.

[20] 7K, G MR . N ARIC A LA A B ORISR T
REMERFZEL)]. AR, 2011, 44(12) :2446-2453. WU Y C,
WANG Z M, ZHOU S L. Studies on the characteristics of nitrogen fer-
tilizer utilization in summer maize based on techniques of soil column
and "N -label[]]. Scientia Agricultura Sinica, 2011, 44 (12) : 2446~
2453.

[21] LGS, X242, ARIEI T, 45 . & /NI FOREEIEIR R i I A R B
RIEARSHIIL B E LR, 2002, 35(12) : 1493-1499. JU X
T, LIU X J, ZOU G Y, et al. Evaluation of nitrogen loss way in winter
wheat and summer maize rotation system|[J]. Scientia Agricultura Sini-
ca, 2002, 35(12) : 1493-1499.

[22] R, A F5 . FORE KA FRor Mot B ZUE R T2 8l s
AR H E AR, 2003, 36(1) :71-76. SONG H X, LTS X. Ey-
namics of nutrient accumulation in maize plants under different water
and N supply conditions[]]. Scientia Agricultura Sinica, 2003, 36(1) :
71-76.

[23] 5 SCHR, BURAE, BRI, 45 il SRR SR i R R B A
FIFE[T). AEdb AR 2441, 2008, 23 (34 1) : 283-285. WU W Q, HE
J D, ZHAO Y Z, et al. Effect of nitrogen fertilizer on waxy corn yield
and soil nitrogen dynamics[J]. Acta Agric Boreali— Sinica, 2008, 23
(Suppl) :283-285.

[24] x4kiz, e, XU, 25 . 0N P 8 By 2 A A oK
R R 7 L B A S R D). AR SR S IR R AR 4R 2004, 10
(6):568-573. JINJY,HE P, LIU H L, et al. Comparison of nitro-
gen absorption, yield and quality between high - starch and common
corn as affected by nitrogen application[J]. Plant Nutrition and Fertil-
izer Science, 2004, 10(6) : 568-573.

[25] B e, B, AR, A5 L R IR U T B R ORGSR A ) Mot
RN AEEL)]. T E LR, 2008, 41(9) :2624-2632. LU L H,
ZHAO M, ZHAO J R, et al. Canopy structure and photosynthesis of
summer maize under different nitrogen fertilizer application rates|J].
Scientia Agricultura Sinice, 2008, 41(9) :2624-2632.

[26] RIE K, SOR 2 P LSRR M. B A0 VLR RE A R A,
1992. ZHU Z L, WEN Q X. Soil nitrogen in China[M]. Nanjing :
Jiangsu Science and Technology Press, 1990.

271 #7522, BT IR, 45 KWL X L S A AT R
B ah 52 o ()], #E P E SR 5 IRk i, 2001, 7(2) 2 134-138.
YANG X Y, ZHANG S L, YUAN X M, et al. A long—term experiment

on effect of organic manure and chemical fertilizer on distribution, ac-

http://'www.aed.org.cn

cumulation and movement of NO3=N in soil[J]. Plant Nutrition and
Fertilizer Science, 2001, 7(2) : 134-138.

(28] AL, T o4, 58, &5 2 T Rk A S R G AW 2
LR 3 U —— 3R i P RS AS A T RO
9%,2004,22(4):1-13. LISQ, WANG R J, LIZ Y, et al. Soil nitro-
gen pool not to be ignored residual NO;—N accumulated in soil profile
in semi arid and semihumid agro —ecologieal system[J]. Agricultural
Research in the Arid Areas, 2004, 22(4) :1-13.

[29] SR wH, S HHA0, F i oE, 45 ‘?ﬁﬁ?@ﬂﬂﬂ*%%%ﬁ‘?ﬁﬁ'ﬁﬁﬁﬁi
KGR R WSO ) B e S 25 A5 A B S IR ). o A ARl
2, 2018, 26(5) : 668-676. GUO L, SHI J S, WANG L Y, et al. Ef-
fects of nitrogen application rate on nitrogen absorption and utilization
in summer maize and soil NO;—N content under drip fertigation[J].
Chinese Journal of Eco—Agriculture, 2018, 26(5) : 668-676.

[30] 41, SRARBE, ODOWSKIR R. A1 A - % U 16 252t FH i1 37

BERSZ1()). AR R4, 1995, 2108 F) :94-98. WANG
X R, ZHANG F S, ODOWSKIR R. Environment capacity of calcare-
ous meadow soil to nitrogen fertilizer applited continuously[J]. Journal
of Beijing Agricultural University, 1995, 21(Suppl) : 94-98.

[31] i, ?KHE/M\‘ DR ] 42 i A b % 43175 G /K BRI 1) 8 B ).
KA AR, 1999, 15(2) :50-53. GAO C, ZHANG T L. Man-
agement measures for controlling agricultural nutrient pollution of wa-
ter environment in European countries[J]. Rural Ecological Environ-
ment, 1999, 15(2) : 50-53.

[32] STEINSHAMN H, THUEN E, BLEKEN M A, et al. Utilization of ni-
trogen (N) and photsphorus (P) in an organic dairy farming system in
Norway[J]. Agriculture, Ecosystems and Environment, 2004, 104 (3) :
509-522.

[33] OENE O, LOWIE V L, OSCAR 8. Effects of lowering nitrogen and
phosphorus surpluses in agriculture on the quality of groundwater and
surface water in the Netherlands|J]. Journal of Hydrology, 2005, 304
(1/2/3/4) :289-301.

[34] E Z B LA B R . KT EN R (A B AEAST A SR br
(&7 ) ) /Y 38 HI[EB/OL]. (2007 - 12—26) [2021-03-19]. https://
www.mee.gov.cn/gkml/zj/wj/200910/t20091022_172492.htm. ~ State
Environmental Protection Administration. Notice on printing and dis-
tributing the Construction Indicators of Ecological Counties, Ecologi-
cal Cities and Ecological Provinces (Revised version) [EB / OL].
(2007-12-26)[2021-03-19]. https://www.mee.gov.cn/gkml/zj/wj/
200910/t20091022_172492.htm.

[35] FREEARAP A . 6 T B R (E R G A 25 & OB AR AT BIMLAE (A7)
FY 38 HI[EB/OL].(2010-06—-24)[2021-03-19]. http:/sthjj.jinhua.gov.
cn/art/2015/8/18/art_1229168483_2827872.html.  Ministry of Envi-
ronmental Protection. Notice on printing and distributing the Provi-
sions on the Application and Management of National Ecological Vil-
lages and Towns(Trial [EB/OL]. (2010-06-24)[2021-03—19]. http://
sthjj.jinhua.gov.cn/art/2015/8/18/art_1229168483_2827872.html.

— 733 —



