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Effects of Side Deep Fertilization Technology Based on Nutrient Expert
System on Rice Yield and Nutrient Utilization Efficiency in
Yellow River Irrigation Region of Ningxia
HONG Yu', LI Xu’. ZHANG Cijuan®, WANG Ying’» WANG Fang' . LIU Ruliang'
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Agriculture and Forestry Sciences » Yinchuan 7500025 2.Lingwu Agricultural Com prehensive
Dewvelopment Office, Lingwu, Ningxia 751400; 3.School of Agriculture, Ningxia University , Yinchuan 750021)
Abstract: In order to explore the effective measures that could make rational fertilization and improve nutri-
ent utilization of rice, 8 field experiments were conducted in the Yellow River irrigation region of Ningxia
from 2016 to 2018 to evaluated the effect of side deep fertilization technology based on nutrient expert system
(NE—SD) on rice yield and nutrient use efficiency. The results showed that, compared to the farmer practice
fertilization (FP) treatment, the nutrient expert system (NE) treatment significantly reduced N and P appli-
cation rate 24.85% and 24.78%, but increased K rate 90.71% , and increased the rice yield 4.71%. Compared
to the FP treatment, the nutrient accumulation of nitrogen, phosphorus, and potassium increased 2.24% ,
4.40% and 15.09% , respectively; the nutrient utilization efficiency of nitrogen, phosphorus, and potassium
increased 9.84, 8.78 and 1.99, respectively; the fertilizer agronomic efficiency of nitrogen, phosphorus and
potassium increased 4.73, 7.69 and 1.54 kg/kg, respectively. The side deep fertilization technology based on
nutrient expert system could deepen the 4R nutrient management principle and had better application effect.
Compared to the FP treatment, the rice yield of the NE—SD treatment increased 7.53%. Compared to the FP

treatment, the nutrient accumulation of nitrogen, phosphorus, and potassium increased 3.92% , 7.87% and 18.74 %,
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respectively; the nutrient utilization efficiency of nitrogen, phosphorus, and potassium increased 11.09, 11.32 and

5.82, respectively; the fertilizer agronomic efficiency of nitrogen, phosphorus, and potassium increased 5.87, 11.31

and 3.54 kg/kg. respectively. Therefore, on the basis of reducing fertilizer rate, two fertilization methods of the nu-

trient expert system and the side deep fertilization technology based on nutrient expert system could increase

rice yield and nutrient accumulation, improve nutrient utilization efficiency, and reduce soil nitrogen and

phosphorus surplus in Yellow River irrigation region of Ningxia.

Keywords: nutrient expert system; side deep fertilization technology; rice yield; nutrient utilization efficien-

cy; Yellow River irrigation region
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Jo T FH N A2 2 52 ) K R i A 00 BE L
ROREAR, T S M = i G R AE NE HERE G AE
FEA - R P i A B AR R 1 e 8 A A5 24 b Rt
B 7 58 . SRR 5 A WL KT L 5 F R e 4R
b B U s AR S K A W T AT R g A e R R
B A AT LAAS B 2T B AR R X R L B 9E NE 7
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1 kkH5 5k

1.1 RIE R

R XA T 7 B 5 X, b Ak v iR Ay T A
X, AR 7€ &% & 1 100~1 600 mm ., 4E ¥R K& 180~
200 mm, FEHME 8~9 CIEWERKFE 4~9 A,
=10 CHIFIE R 3 200~3 400 °C , K FHEE ik 619.5 X
10" kJ/m* ., 4E ¥4 H BE A [A] 2 800 ~3 100 h. JG 75
140~165 K,

ARMWF5E T 20162018 4F-FE 7 i We i i S 4 (n =
D AR TR £ (n=3) Fk T H B (n =2)
AT, it 8 IS, LIRS . A
B Y AR AL PR R L 1.

1.2 Rigit

JITA AR 50 2415 6 A il IE A B, 6455 . o RS 2T 15t
JENE (FP) F5 0% R R G470t IE (NE) J7E NE Jfilf
ANt F AL (NE—N) 7£ NE 3l FATE#EAL (NE—P) 7
NE Jhili F S A (NE—K) FI{E NE B:ail F R FH %
JEAEE AR (NE—SD) ., NE &b #if it &2 75 P82 2 b - 1
R IFR O AR IS B OO R B Al E L R
KAE NE F20r L X R G R HRG.

R8T AR AU IR R (N 46 20) i AT FH 2
BERRES (P, O5 .46 70) L FIIE FHSALET (K, O.60%0) . B A
JEL(N46 Y0, 5 BEIR 2 60 %6, F il IR R 40%0) , 1 77 B AR
Bl2EBEAOl 7 U5 5 FREE T 5T I F £ B G AR AR
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HE = SPBEAE = FEACH 50% ¢ 2596 : 25% , WA AR A Sy 3
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40 % W REAE Ry AR — Vit A s NE—SD 4b 3 5% F 01 it
NE e BT e B s o s T RN Wl T A A it 7 7K e
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1 TRARBATHEARBELMER
. AU/ LR/ il fie L/ AL/ AL B/
I A pH - - _ - ~
(g+ kg™ (g kg™! (mg * kg™ (mg * kg™" (mg * kg™")
KT —1 8.29 10.1 0.52 22.1 13.2 104
KT —2 8.25 13.7 0.80 17.5 14.8 117
RR—3 8.30 15.9 0.86 70.5 27.9 128
Rk —4 8.28 17.3 0.98 65.8 14.8 113
Rk —5 8.32 10.0 0.59 50.3 21.5 116
e —6 8.26 15.3 0.89 70.4 31.9 156
e —7 8.18 17.9 1.00 77.2 23.1 141
A4k — 8 8.16 18.7 1.02 89.7 20.3 137
x2 AELEHEEE Hf7 kg/hm® Ko T B e bR
- NE #i i i FP Hi e i 1.4 HBELABSSEITHH
N P,0s  K,0 N P,0s  K,0 F 4 BRUE (kg/hm?) = W T i i < U 384
KETLNE T Rk Ak R IR 9 4
0 Je4H R (NUE, %) = Cif I 46 5101 6 b
dhe o w wmwa TROMRBUR RGN A b RS R/
RR-5 19 61 122 20 90 60 Jti I Bk X100 20
HEk—6 201 43 102 255 90 75 IR %0% (AEN, kg/kg) = it IE X1 4 7= i —
Fie—7 201 67 124 255 90 75 ASTitE A XA B e ) /i AR
FAK-S w86 8L B’ %07 e 5r FMOT- i (kg /hm?) = 5 5348 A Jik — 135
olii) 202 65 118 268 86 62

W /NX T 60 m”, FHE 3 K, FHLIX A HES
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FA A TR A3 SRR 5057, T4 A TTHE
M5 Ayt R b, 5 H Majffifr.6 H L Ajia
TLBEAL .7 A LA B AL, 9 H T Aok,

1.3 #HmRESHH

FH () 34055 %% Bib T, 4% JRS”TE 2 IR & R R HEE
JZ 0—20 em EHE KT BRSO . L3 pH HKE
PEHRAIEOK L 5 1) A LT & & K 5 3% R
B — ARGk s 2 RUR T HL I E Ak s B AL ok
FHBA H0 5  00m oRk F kR AR 42 —
BEPL L (0 ;R B R IS R iR 42 — SR
P,

TE K e BB R EAE R AL, /N IXCR B T m”
MK FEAERRAE 5, 70 “C R 20 min, 105 “C 4T, I
FEMRAFE R 2R 2. 20 S8, 22 KRHILK
FE R W R A BLAH B e Bk, B R KB DO
FEIHk,

THEK RS RS A AL W FFRL ™ 5 A AW I SR
SrRIHER . FEARFEWOGR BT B A /N X S2 T SE 0T 33K
= o SR SR AR PR AL 25 B, I bk e L BR L RORL AR
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K H] Excel F1 SPSS # 4 it 17 48 Ak 31 50 52 11
S, R A Duncan Fr E#H 2 BT 2 E ILE .
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2.1 AEMERLEXKE=EEEKEENZNE

M1 AT LA Y AS [l 0 i 45 it AU 35 NE—
N Ab 8 7K 7= f: 2 (A7 AE 5 25 57 (p<<0.05) , £5- 4tk
PR/ 2 2 3 : NE— SD>NE>FP>NE —
K>NE—P>NE—N, J[ & 8 454K iR, &
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. bb FP AL B 5= 7,53 % HOk o NE 4b B, HE FP
REPEYE = 4.1 % R EF AR E,

ANl A B K e P B A R 25 . Ak — 8 ik
5 i NE—SD.NE &b 3 7= & 5 5, 43l [ FP AL $ 3
77 9.73 % 1 8.59 Y0 5 FLWR Ry T Ak — 7 K58 AT R
= s NE—SD.NE &b 3 73 Lt FP &b B3 7= 8.52 % il
5.64%; R# —5 80 A5 NE— SD.NE &b B 7= & #%
i .43 L FP AL B3 7= 5,19 % 1 2.16 %
22 AREERLENKBRESERENZM

H 2 3 Al IE A 8 41l 45 R /R ,NE—SD,
NE.FP 4b 2 5§t 2 4 #E K FE A R R Z M A7 7
E M2 R (p<<0.05) ,NE—SD,NE,FP . NE—K 4t
5 NE—N . NE—P &b B K FE B 28 RFL & 2 (B 77
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&1 K -2 RiK-3

RE-5 Hi-6  FHlk-7  FHK-8 /Y5

T AN B 3R 45 SR PR TE AN ) b B 2 i) 28 57 W 35 (p<<0.05) . Rl

B 1

AFERE S K RS B EAEES R R
U 25 /N e — 8 50 s NE— SD 4b B
AR BB E RS0 FP AL EHE in 3,95 % Fl
20.47% s R —3 K 5 NE—SD 4 Bl i £ 2 &
i FUFP Zb BRI 8.71%

AERERBZLEHKETE

T4l —8 5 NE AR R K BB RE,
SrBIEE FP AR 2.82 %6 A1 16.83 %5 R 2% — 4 156 45
NE 4P 2 R i, tb FP AR BERS in 9.43% .
R —5 00 5 NE—SD NE 4b B A & B Z 4P &
EHEYR.

®3 FARAFAEAELEBENKBESRRE 7 kg/hm’
VA P A% W% I R b7 AE W% i
FP 145.23a 43132 114.78ab FP 143.21a 45.22a  121.76ab
NE 145.56a 43142 132.12a NE 145.75a 16.41a 131.38a
\ NE—N 81.31b 29.51b  103.85b NE—N 77.25h 37.37b  107.41bc
ATl NE—P 87.41b 28.92b  110.05b k6 NE—P 109.51ab  29.10b  110.69bc
NE—K 100.88ab  36.90ab  103.69b NE—K 103.80ab  42.24ab 99.14c
NE—SD 149.96a 45.81a  135.84a NE—SD 147.69a 48.23a 135.67a
FP 149.15ab  46.50a  123.81b FP 155.10ab  46.20a 134.37b
NE 158.09a 47.63a  143.86a NE 163.83a 48.32a 154.48a
- NE—N 87.21c 33.86b  111.28b . NE—N 84.28¢ 34.82b 114.45¢
KT =2 NE—P 89.52¢ 33.59b  118.81b 7 NE—P 88.41c 32.76b  118.98bc
NE—K 102.43bc  39.88ab  109.79b NE—K 111.70bc  39.82b 110.22¢
NE—SD 163.24a 48.35a  149.12a NE—SD 164.67a 50.63a 156.02a
FP 147.27a 47.53a  114.43ab FP 161.94a  42.34ab  133.87b
NE 145.02a 49.87a  130.33a NE 166.50a  44.79ab  156.41a
. NE—N 75.10b 35.89b  107.13b A NE—N 87.28h 39.65h 113.80¢
RH -3 NE—P 114.73ab  31.52b  108.93b T8 NE—P 91.28b 34.08b  119.24bc
NE—K 100.27ab  38.41b 99.26b NE—K 118.61ab  49.81a 111.11¢
NE—SD 148.76a 51.67a  138.69a NE—SD 168.33a 46.38a 161.28a
FP 148.50a 16.28a  120.81b FP 148.89%a 44.64a 121.82b
NE 152.16a 50.65a  143.07a NE 152.22a 46.60a 140.21a
n NE—N 85.99h 39.75ab  111.90b o NE—N 81.67h 35.93b 108.74¢
RR 4 NE—P 91.34b 31.80b  115.81b L& NE—P 96.69h 31.25b  113.44bec
NE—K 109.13ab  37.67b  101.31b NE—K 105.98b  40.68ab  103.85¢
NE—SD 152.17a 50.79a 147.83a NE—SD 154.72a 48.15a 144.66a
FP 140.69a 39.91ab  110.76b
NE 140.83a 12.02a  130.03a
L NE—N 74.97b 36.62ab  100.07b
AR5 NE—P 101.32ab  28.26b  105.03b
NE—K 101.01ab  40.71a 96.31b
NE—SD 142.95a 43.35a  132.81a
e <[ 91 75 5 37 45 450 £ AR AL 22 )22 5 5.3 (p<<0.05) . P
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R 4 AT E R 8 il 45 R /R . NE—SD,
NE b3 5 FP &b 3 4 7K F5 2008 R 28 8 I8 A 2% 3%
R A AETE B e 25 R (p<<0.05) , NE—SD 4b 2§
5 FP kb B i 7K i i I A 3 2 18] 7 A 3 1k 22
S (p<C0.05) , HoAth 45 b B KRG 97 4 F FH 2R 5 4 2
BRI 2 S A B %, NE—SD 4bH K #5535 20 F) %
Yy, AR CBEAE IR 43 50 e FP AR BB fin 11,09,
11.32,5.82 DA 43 50 Hk Oy NE &b 8, ZIE L #iAE
BRAEAY 5 H FP AL BESEN 9.84,8.78.,1.99 AN H 4 .
NE— SD &b $ 7K F5 A4 2% 30 % 35 de e AUIE B AL 40 AT
B FP ARG IN 5.87,11.31,3.54 kg/kgs Hk N
NE b3, A BEAE R AE 23 51 Lk FP AR BEBE I 4,73,
7.69,1.54 kg/kg.,

AR 5 NE—SD,NE 4B 5 FP AbH i /K F A

HEFI 2R 2Z (B KR R B G M 25 57 (p<<0.05) . 4l
Iz —7 R 45, NE—SD,NE &b 3 &I F) FH 3 5% 5, 439
e FP AFRRE AN 12.22,11.80 AN E 43 4 s 5 4 Wk — 6 156
A NE—SD.NE &b #  JIEF] F % % =1 b FP AR 338 fin
26.57,22.34 N A3 KT —2 5 5 NE—SD &b 3
BPAE A R b FP AL FEEEN 7,41 A4S 0 s
Hi e — 7 U5 A5 NE Ab BB IR ) R i, e FP Ab
I 3.50 N4>,

FA e — 7 35 5 NE— SD,NE 4b 2 & 8 4 2
BORS oyl Lt FP AR BEBE N 6.39,5.18 kg/ke; 7
Hilge —6 358 4 NE — SDLNE 4b B 8 AU A& 2 5% % 5
.l FP AR BRI AN 17.55,14.88 kg/kgs K T —2 it
5 s NE—SD 4b BREPAE AR 2= R0 By, o FP AL P4
T 6.92 kg/kg; 4k — 8 {56 5 NE 4b 34D IE 4& ~%
KRt . L FP ACBEE N 4.78 ke/ke.

R4 ARREAELENABREIARENFTSRAFE

. JERHR %/ % REFR (kg + kg™ ") FH R4/ (kg « hm ™)
R Tt Ak 3

N P,0; K,O P,0; K,O N P,0; K,O
FP 22.43b 18.94b 24.65a 7.79 5.57a 6.26a 139.77a 31.87a  —69.78b
AKFE—1 NE 32.45a 23.69ab  23.69a 11.47a 7.82a 2.77a 52.44b 16.86b  —12.12a
NE—SD  34.67a 28.15a 26.80a 13.26a 13.72a 5.73a 48.04b 14.19b  —15.84a
FP 21.73b 17.21a 31.15a 6.22a 3.85b 1.64a 135.85a 28.50a —78.81b
KT —2 NE 34.58a 21.94a 33.40a 10.35a 9.94ab 4.13a 46.91b 16.37b  —41.86a
NE—SD  37.09a 23.07a 38.56a 12.55a 17.00a 8.56a 41.76b 15.65b  —47.12a
FP 26.73b 17.79a 25.28a 9.40a 3.86a 3.97a 122.73a 42.47a  —54.43b
Rt —3 NE 35.86ab  24.46a 26.79a 14.45a 8.37a 4.47a 49.98b 25.13b  —14.33a
NE—SD  37.77a 26.86a 33.99a 15.50a 11.09a 6.23a 46.24b 23.33b  —22.69a
FP 23.15a 16.10a 32.49a 8.55a 5.56b 1.91a 121.50a 43.72a  —60.81b
Rit—1 NE 32.28a 23.56a 32.88a 14.03a 13.33ab 5.37a 52.84b 29.35b  —16.07a
NE—SD  32.28a 23.74a 36.63a 14.70a 15.07a 6.46a 52.83b 29.21b  —20.83a
FP 24.34b 12.94b 24.08a 9.80a 4.99a 5.29a 129.31a 50.09a  —50.76b
R —5 NE 33.10ab  22.56a 27.64a 14.13a 10.08a 3.96a 58.17b 18.98b —8.03a
NE—SD  34.16a 24.73a 29.91a 15.30a 13.89a 5.86a 56.05b 17.65b  —10.81a
FP 25.86b 17.90b 30.16a 9.40a 4.36b 2.12a 111.79a 14,782 —46.76b
i e — 6 NE 34.08a 40.24a 31.61a 14.09a 19.24a 5.82a 55.25b  —3.41b  —29.38a
NE—SD  35.04a 44,472 35.81a 14.66a 21.91a 6.94a 53.31b  —5.23b  —33.67a
FP 27.77b 14.93b 32.20a 10.43a 5.54b 4.14a 99.90a 43.80a  —59.37b
e —7 NE 39.57a 23.23ab  35.69a 15.61a 14.57ab 6.35a 37.17b 18.68b  —30.48a
NE—SD  39.99a 26.67a 36.93a 16.82a 18.21a 8.32a 36.33b 16.37b  —32.02a
FP 29.28a 9.18a 30.36a 7.57a 3.67b 2.10a 93.06a 47.66a  —58.87b
G —8 NE 38.09a 15.52a 34.58a 12.85a 15.56a 6.88a 41.50b 24.21b  —25.41a
NE—SD  38.97a 17.83a 38.30a 13.33a 17.00a 7.63a 39.67b 22.62b  —30.28a
FP 25.16b 15.62b 28.80a 8.65a 4.67b 3.43a 119.24a 41.61a  —59.95b
B NE 35.00a 24.40ab  30.78a 13.37a 12.36a 4.97a 149.28h 18.27b  —22.21a
NE—SD  36.25a 26.94a 34.62a 14.51a 15.98a 6.97a 16.78b 16.72b  —26.66a

2.4 AEMERLEITIERS RN EEHRNEMN
He 4 AT E A 8 4l gR4h R /R . NE—SD.NE
AbFEE) FP Ab B ) A 3 5 43 R0 M 2 ) A7 7 3 R
F5(p<C0.05), £ ACH Y 4 HE A R SR B YA KR
B4 , NE—SD.NE &b i ZILF FP A3, [ 1 2 5135
60.77 % ,58.67 ¥ ; - 3ME 2 AR o/ MIEZL Ay  NE—SD,

NE 4b # & % (% T FP 4b 2., B 0% 43 5 15 59.81%.
56.09 %0 ; TIEHI R EUA F o KI5 6, NE—SD.NE £b 3
BE ST FP ALFE, B 53535 55.53%6,62.95% .

AN TR 56 A R B R 3 T A 5 B A R R
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