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Effects of different types of fertilizer on sunflower growth and soil nitrogen distribution in subsurface
farmland

QI Qian', SHI Haibin', YAN Jianwen'"", LI Xianyue', GAO Xiaoyu', FAN Liquan', HAO Yunfeng’

(1. College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China; 2. Bayannur
Academy of Agriculture and Animal Husbandry Sciences, Bayannur 015400, China)

Abstract: To clarify the effects of various fertilizers on crop growth and soil nitrogen environment under subsurface drainage conditions and
determine the reasonable fertilization mode suitable for saline subsurface drainage farmland, under the condition of 225 kg« hm™ pure
nitrogen application, a field experiment with three fertilizer treatments was conducted. These treatments included common urea fertilizer
(CK), controlled—release fertilizer (CF) and silicone water—soluble slow-release fertilizer (OF), and the sunflower growth, yield, and
nitrogen usage efficiency, as well as the nitrogen content in soil and drainage were measured. The results showed that the plant height, leaf

area index, photosynthetic rate and crop yield in CF and OF were greater than that in CK during the growing period. The yield in CF
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increased most significantly over the two years, which was increased by 14.07% and 40.54% compared to OF and CK, respectively. In

addition, CF was conducive to the continuous and effective supply of soil nitrogen in 0~40 cm soil layer, which could increase the plant

nitrogen accumulation, nitrogen partial productivity and nitrogen harvest index, and promote the absorption and utilization of nutrients by

the crops. CF could effectively reduce the NO5=N residue in 0~160 c¢m soil layer after harvest, which was 14.92% and 7.87% lower than

CK and OF, respectively. In the two—year experiment, the subsurface drainage and salt discharge of each treatment were relatively close,

but the NO3-=N and NH;-N losses were significantly different. The NO ;=N losses in OF and CK were 1.25 and 1.50 times of that in CF,

and the NHi—N losses were 1.22 and 1.95 times of that in CF, respectively. In summary, compared to the other fertilizers, CF can better

promote the absorption and utilization of nutrients by crops, improves the utilization rate of nitrogen fertilizer, and significantly increases

the crop yield. At the same time, it can also reduce the deep leaching of nitrogen in the soil and reduce nitrogen loss. Therefore, it is a

suitable fertilizer variety under the condition of subsurface drainage.

Keywords : subsurface drainage; crop growth; controlled release fertilizer; nitrogen; sunflower
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1 #MREFE

1.1 X5 X HER

B DA T N B2 A A X EZ R T I YT X B
B2 IR T AR BOI B2 i 5 B i 4 HE /K U537 (40079
N, 107°28'E) . a3 )& F il > T 5 Kt <
fige , AR Y A 138.8 mm, 28 K i 2 096.4 mm; i
IKIRRTE 1.6~2.2 m Z [A) 224k ;P 2Rl 6.8 °C, B1K
I 2E K, TCFE A 130~150 do 56 H & T 5% 5 £ 05
b3, B4 TR - L KR X 1A
PR 1,
1.2 Rt

RGBT HEK 24 T 3 A R AR A B, 43
S R 2 (CK) AR BB (CF) Ko A BLRE K 75 1 22
FENE (OF) o A~ Ab 35 56 1 FRL 24 4 25 000 m® (500
mx50 m) , T4 3 R K, SR I 3 AT, B

F1 XBRX T EEARELMER

Table 1 Basic physical and chemical properties of soil in the test area

B TR Ardhit KA A KA AHLT AL ARk

Soil salinization Total salt pH Moisture Total N/ Hydrolytic N/ Organic matter/  Available K/ Available P/
degree content/(g-kg™") content/% (g-kg™) (mg-kg™) (g-kg™) (mg-kg™) (mg-kg™)
Rz 2.52 9.40 15.92 1.13 105.24 18.45 259.68 28.01
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A Kb 3R /IS DX 1 3 AR I A 3 T v T G A 1 S
DA R A 5 TR S A B AN [ B 5 HE K R 5 5 /)
DX 1 m PR A DU L DA 2 )22 Sk A B 75 1k 7K 43
NEAMI 2

B EY R 2%, SRl “SH3617, 2019 4E 4% Fh
HWISh5 A 31 H ok HIER 10 1 2 H 2020 4E 4% F
HI 5 30 H , BGRHBNO 28 H. RAT1E2
T H IR R AR 2, BEEE 0.3 m A T5E 0.7 m, FhAE 25 57
728 000 #f -hm™. 85 X BRAETE G HE R 251 7
TR TR A 18 4 e, VR /K o > b PG V8 Tk 01 (3R
HEZ12 500 m*-hm? FKFEZY 3 000 m*-hm?) , BLEF W iF
Fr—WRHEAK  HEAK B 220 1 250 m® - hm 5 8 ) FH %
WK ARSI oK), 0 L2 0.54 - L7
24 34l St FH A 44 0 225 kg - hm 2, o5 58 IR %
A SRR Z WA s A= A 2 A BR A wl A = (G5 N
46% ) FERENE o R HEE T FHALRE B 0 BIRZS m) F 43 (O
FH6 1L, & N 28%) A HLEE K VE 2% B AR fr il JL kA5
JEY A BR S JI A 77 (5 N 18%) . HE BRI A HLEE K ¥
PER R AL B AL (B2 4%, 7% P.0s 46%) THHERIE
R FERE— PR A BB R &, i H 22 BRI
JlEA o 5 A FE LA AR LR 2,

F2 BABEAERRE (kg-hm™)

Table 2 Nitrogen application rate of experimental treatments

(kg+hm™)
JOBL LA NI Mt
Treatment Basal dressing Top dressing Total
CK 75 150 225
CF 225 0 225
oF 150 75 225
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H) BMEHTH6—31H) MO H1H—91S5
HO ARG (9 H 6 H—10 A 10 H)#EFTWM . 45
RO e A 70 4, P B8 2R 850k (AR 336 v 3R 500
{EA 0.75) 0 2 A A 1] H 28 T4 v R AR, k5t
THFRFE B (LAD o

A FEFRINE < K LI-6400 fH 4 X651, T

li) H 3% 3085 1A i B3 JC UK S)_E7F 9:00—11: 00, %
FRAE R RAF 2 B OEEGE 3 B R IFTIRE I Bl i v
HeAHR (Pn) AL S (Gs) 28 15 3 2 (Tr) Fi1 i 1]
COLYRJE (Ci) , /NI E 10 4417 H 25

PRI E < T BLEHIAE R/ X BT B 343
ST 10 KRR H 28, kL | 7 AR BT 5 0 R i
R YA

T4 J5 e R AR 4 R RE <RI 10 Bk 1) H 25 b
EREA R EREE, T 105 CAF 30 min, 75 CHET
2 i R 5 W E T B . SR HaSOs—H0. 1578
A PG ZENE &2 S A .

1.3.2 HHETCHLEM &

T 1) H 2545 A WA AN v e R
AT 0~160 em T AE R RAE , 2530 7 )2 :0~10.10~
20.,20~40,40~60.60~80,80~120 cm 1 120~160 cm.
W R HE AR T ORI G 1 mm i 55 . FH 2
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2 HERE5HH

2.1 AEIHERAIEST [ B ERS I ER A R0

1 (a) 0 LA AT B30 1) 5 ok v o 1A
TR OF>CF>CK, H Bl B[R] RS 52 501G I 5 i
I, NTH2HZETH 22 H, Z A Hkk &K
B2, OF .CF .CK Ab BT H 3 K3 24 ik 3 6.31
6.21.5.53 cm-d”', 8 H 1 HAA PRk s B 24 F 1
e, OF . CF 43 %1124 218.67.209.17 em, &¢ CK 3 fin
21.61% .15.46%. Jo A1) H 22 ARG AR K IE B, R 5%
SRR S E YR LR R, 5 Bobk R O] AR
fbo 25 TR, B HEK S50 T it 4 B A HLAE
IK R R RENEAE 45 A B AN [ R B A2 0 1 1) H S5
HRAEK

B 1 () T4, R TR B 4 [) H 250 - LAT 4%
RN CF>0F>CK, {H 4540 # 22 [0] G (g 35 25 5% (P>
0.05). HilH LALIEISG I, 28 7 1 H , &AL LAI
ik U AE , CF. OF 4 5l 4% CK #& %5 18.46% . 10.42% .
Wil 5 )[R (R4S , ) H 2828 T 0E A HE SN, LA T iy
W/ AEATS LA CF f i 5 5 OF (CK M L, 38 1 43 51 A
6.23% .21.33%. W] it A BENE S A A 5 1] H 2%
HEAAE IR ERLE SR, 35708 13K

3007 (a)
250 a a

200 .

e

N

150

Plant height/cm

b ab &

100

3

ba a

50

0

07-02 07-09 07-22 08-01 08-22
H ] Date

2.2 AEMEABALIEXT @ HEE X AR RN

AR, 1 H S E RO S EE &A1
05 P b ek B v B I, Gs T 25 [R5 9 28 4k,
55 P Bl G5R ARk B R WML, A R TG AE R A R
ZHAHEIY . B, A0 e T B AN [R] it
JE AL B XS 1) H 2856 85 15 .

M3 Hral £, BUAE A 3 Rt AR AU 1) H 2%
A B Pn . Tr.Gs B8 h CF>0F>CK, H:dr CF b3
T Pn.Tr 5 CK Z [AI4£F7E i 2 25 5, B 430 38
T 13.85% F1119.21%., CF 4L ¥ T Gs i)t K, 4 0.69
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g5 F UL I HEACSRAE T it 45 RRNIE e o 47 b i A
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2.3 AEHEABALIERS [ B ZE =2 MR E ZE =

&40 LUE W A R R, AR U0 i ke
Jo R 4 728 Ak 9 Bl AE 20.15~27.20 g Z ], CF 5 OF .CK

R3 AELAETEBEENRAESH
Table 3 Photosynthetic parameters of sunflower under
different treatments

LA R COMRE  ZEMER AL
Pn/ Ci/ Tr/ Gs/

pmol-m~+s™) (pmol-mol™) (mmol-m™+s") (mol-m~-s™")

GO

Treatment (

CK 39.71b 365a 4.06b 0.53¢
OF 42.53ab 321b 4.42ab 0.61b
CF 45.21a 304b 4.84a 0.69a

T - R B Dy 3B A A B, [ S ) 7 B 3R A% b B 2
[ 1 22 57 . 2 (P<0.05) . Rl

Note: The data in the table are the average values of three replicates,
and different letters in the same column indicate the significant

differences among treatments (P<0.05).The same below.

51 (b)

4+

- a
a
| a
a
a & a
0

07-02 07-09 07-22 08-01 08-22
H ] Date

LAI

[\

T CK =3 OF CF
AN Bl 7R A IR 2% 53 1L 25 (P<0.05)

Different lowercase letters indicate significant differences among treatments (<0.05)
Bl AELETEBERSS LATEL

Figure 1 Changes of plant height and LAI of sunflower under different treatments
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Table 4 Dry matter quality and yield of sunflower under different treatments

i fbam T o ﬁﬁ)ﬁﬁ Fﬁﬁ YRS MR AR WORIEE ﬁﬂﬂﬁiﬁﬁ RUWCRAEEL
Year  Treatment Dry matter/ 100—grain Yield/ Growth Plant N uptake/ Harvest N partial factor N harvest
(kg-hm™) weight/g (kg+hm™) rate/% (kg-hm™) index/%  productivity/(kg-kg™)  index/%
20194 CK 14 040.00b 21.46¢ 3 744.98h — 180.52¢ 26.69a 15.77b 55.96a
CF 18 390.24a 27.20a 4917.84a 31.32 291.86a 26.75a 20.71a 61.65a
OF 19 140.03a 24.67b 4535.83a 21.12 239.70b 23.71b 19.10a 58.49a
20204 CK 13 934.16b 20.15b 3 400.90¢ — 190.48b 24.42ab 17.00¢ 58.30a
CF 18 342.99a 22.77a 4 657.42a 36.95 253.81a 25.40a 23.29a 63.44a
OF 18 384.30a 20.6b 4091.45h 2031 232.05a 22.27b 20.46b 58.79a
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Figure 2 Dynamic changes of inorganic nitrogen in 0~40 cm soil layer under different fertilization treatments
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Table 5 Effects of different fertilization patterns on NO3—N residue in soil profile (kg+hm™)
L g 20194 20204
Treatment 0~160 cm 0~80 cm 80~160 cm 0~160 cm 0~80 cm 80~160 cm
CK 157.33a 62.17a 170.78a 67.67a 103.11a
CF 131.65b 48.74b 147.71b 61.02b 86.69b
OF 144.61ab 53.20b 91.41ab 158.43ab 55.72b 102.71a

B 5,439 0.50.0.65 kg-hm™, CF . OF 5 Z 4 FF- 14
Wik/)>48.62%.37.23% . A[FLEFLT NO-N i e 724 5
F NH;-N, 22 i F NH;-N S Bl 0 fof 9 3%
Ji A i W i Bifi 7K G2 B i 0 059 L ik R B NOS-N 19
KRR A A T i K M5 e i F2 22 R
AR50 CF AR BE R NOS-N 3 2k 1 4 51 o0
0.63.0.76 kg-hm™, 4 CK 4b # ) /1> 35.71% .30.28%,
&5 OF fhH /0 26.74% .10.59% ., X FH &R TIRE
RS, £ 3 NOS—N 5 18 7 J B[] A T8V 34 i
T B K R S KR AR T R AR K
ORI o T s R S 2 3 o o i 5% 0 7 38 v 1R B
PR PR AR P AR ARk, s T HEK R
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B EESARZ — BEIEHOKHER B A b,
FETE R S 1 HESR M A1 B, 3 BL32 31 A 38 5 3t 19 BR
HIC0, B A A T LU PR X 35 40 R A, 32
RECREF R () B 584 b DA Sk ik 2D R R IR 2k -
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RO I A R A T A B | G KR A T Bk



RSB , 68 < R AR LA R SRR 1 35 B R 3R 40 9 3 565
F6 FEMEMER TREHKPEERAR

Table 6 N loss in the drainage of concealed pipes under different fertilization modes

20194 20204
A HEAK gt HEER A NO-Ni ik NHi-N ik ik HiAK HEER A NO-Ni ik NHi-N ik ik
Treatment Displacement/  Salt discharge/ NO:—N loss/ NH:-N loss/ Displacement/  Salt discharge/ NO:—N loss/ NH:-N loss/
(m*~hm™) (kg+hm™) (kg+hm™) (kg+hm™) (m*+hm™) (kg+hm™) (kg+hm™) (kg+hm™)
CK 315.07ab 1 389.83ab 0.98a 0.50a 449.70a 1 889.81b 1.09a 0.65a
CF 333.71a 1505.61a 0.63¢ 0.26¢ 498.72a 2 194.62a 0.76b 0.33¢
OF 299.71b 1307.13b 0.86b 0.32b 484.48a 2 010.69ab 0.85b 0.40b
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