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Effects of organic fertilizer combined with reduced chemical
fertilizer on spring maize yield, quality, and water-nitrogen
utilization in the Hexi oasis irrigation area

SUN Huidong, CAO Hongxia, LIU Lintao, Du Guoteng
(Key Laboratory of Agricultural Soil and Water Engineering in Arid Areas, Ministry of Education,
Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; To explore the potential of high-quality and efficient chemical fertilizer reduction in spring maize
cultivation in the Hexi oasis irrigation area, this study investigated the effects of replacing 30% of chemical fertilizer
with organic fertilizer alone, alongside five different chemical fertilizers, on spring maize yield, grain quality, and
water and nitrogen use efficiency. The results showed organic fertilizer combined with appropriate amount of chemi-
cal fertilizer improved ear traits, increased the number of grains per ear, and promoted the distribution of
aboveground biomass to grains, thereby increasing the yield of spring maize. Based on the local recommended nitro-
gen application rate (260 kg - hm™) , organic fertilizer replaced 30% chemical fertilizer (78 kg « hm™>) with 211
kg + hm™ chemical fertilizer, organic fertilizer combined with chemical fertilizer reduced by 18.85% to obtain the
highest yield of 19 323 kg « hm™. Organic fertilizer replaced 30% chemical fertilizer (78 kg « hm™) with 187 kg

- hm™ chemical fertilizer, organic fertilizer combined with chemical fertilizer reduced by 28.08% to obtain the
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maximum harvest index of 60.46%. Organic fertilizer combined with appropriate amount of chemical fertilizer in-
creased spring corn starch, soluble sugar and reducing sugar. Principal component analysis showed that more crude
fat was formed in the grains with the reduction of chemical fertilizer application. Organic fertilizer combined with ap-
propriate amount of chemical fertilizer can increase the nitrogen accumulation in the shoots of spring maize and pro-
mote the distribution of nitrogen accumulation to grains. It also can improve the water and nitrogen use efficiency.
Organic fertilizer replaced 30% chemical fertilizer (78 kg + hm™) with 193 kg - hm™ chemical fertilizer, organic
fertilizer combined with chemical fertilizer was reduced by 25.77% to obtain the maximum nitrogen accumulation of
242.79 kg - hm™. Organic fertilizer replaced 30% chemical fertilizer (78 kg + hm™) with 173 kg - hm™ chemical
fertilizer, organic fertilizer combined with chemical fertilizer was reduced by 33.46% to obtain the highest nitrogen
fertilizer utilization efficiency of 33.96%. The application of organic fertilizer combined with an appropriate amount
of chemical fertilizer can effectively fix nitrate nitrogen in the 0~40 e¢m surface layer of soil, reducing the risk of
leaching into deeper layers. Based on principal component analysis, the effects of different treatments on yield,
grain quality, and water and nitrogen utilization in spring maize were comprehensively evaluated. Considering eco-
nomic benefits, it is recommended that organic fertilizer replace 30% of chemical fertilizer (78 kg + hm™) , reduc-
ing chemical fertilizer use by 18.85% ~33.46% (49~87 kg + hm™) | as a quality- and efficiency-improving tech-
nology for lower-fertility sandy loam soil in the Hexi oasis irrigation area.

Keywords: spring maize; organic fertilizer; chemical fertilizer reduction; yield; grain quality; water and ni-

trogen utilization
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Fig.1 Precipitation, temperature, ET, and solar radiation during the growth period of spring maize
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Table 1  Fertilization period and nitrogen application
rate of different treatments
2t : : L
. 2% NE Chemical nitrogen U S
L AHLENE - . Total
Ongamic  BUWM w2 R Tow
Treatment nitrogen Jointing  Silking  Milking Total r.utr‘({gen
period  period  period fertilizer
Ny 0 0.00 0.00 0.00 0 0
N, 78 36.40 41.60 26.00 104 182
N, 78 50.05 57.20 35.75 143 221
N, 78 63.70 72.80 45.50 182 260
Ny 78 63.70  72.80 4550 221 299
CK 0 91.00 104.00 65.00 260 260

WCRFG B (HI, % ) = FPir= it/ A+ 5 2
(1)
1.42 AEZR&HEMNE  FTHEEKRERY FLA
197 ) LAY | 45 b A I 3 Bk K H s —
HURE AR, BORPRCRE S L o B RIS R ] 2R 4
ks, LBk 12 h I ML 5 % & (CFC) 5 U -
IR Lb 0,3 U 2 JE 4 & = (SC) | i J Ve b & 1
(RC) AR 12 (SSC) .
1.43 AZKRRESTME HERRIIW, K40
PHEL 3 R A3 — A9 FERE T 105°C BEAR R 7 30
min,85°CHET 2 {H & J5 H H,S0,-H,0,H &, i /]
TN HTAL (AAA3 L) P 25 FURFRL A 2 A
i R E A R,
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Fig.2 Planting patterns of maize in experimental plot
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Table 2 Effects of different treatments on yield and yield traits of spring maize

Ak B/ em FERK/ om TR FRE/ g FEEE/ (e hm™?) LCIRE
Treatment Ear length Bald tip length Grain spike Hundred grain weight Yield Harvest index
Ny 19.6+0.46h 1.75+£0.14b 401.23+0.95d 32.08+0.50d 14.24+5.35d 48.37+0.44d
N, 19.8+0.62b 1.79+0.12ab 489.43+2.74c¢ 34.87+0.11c 16.24+1.55¢ 54.63+0.65¢
N, 21.4+1.01a 1.82+0.15ab 521.78+3.98b 35.89+0.81bc 16.63+3.75¢ 58.71+1.14b
N, 22.0+0.36a 1.81+0.13ab 569.56+6.29a 38.72+0.71a 19.32+0.49a 60.73+1.34a
N, 20.0+£0.20b 1.84+0.14a 528.95+6.30b 37.01+0.94h 19.14+2.08a 59.02+0.18ab
CK 21.1£0.37a 1.92+0.11a 531.75+4.45b 35.80+0.89bhc 17.62+2.24h 56.75+1.13b
Nitrogen * ns ® * * K ®
application

- FIIAR/NG RN AL R 25 55 B 3 (P<0.05) 5 + RRZERBE(P<0.05) , * * FREFMEFE(P<0.01) ,ns RREFADE,

T,

Note : Different lowercase letters in the same column indicate significant differences between treatments ( P<0.05). * indicates significant difference

(P<0.05), * * indicates extremely significant difference (P<0.01), ns means no significant difference. The same below.

20000
(x—211)

y=5003¢ ™2 +14320
R*=0.912
18000

74 Yield/(kg * hm™)
>
(=)
(=)
(=)

14000

0 50 100

150 200

250

1k 2% % 0 it ] i Chemical nitrogen rate/(kg * hm °)

Fig.3 Relationship between yield , harvest index of spring maize and chemical nitrogen rate
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Fig.4 Effects of different treat

ments on the quality of spring maize
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Table 3  Effects of different treatments on nitrogen uptake and water and nitrogen use efficiency

Ab B HERE AICFI RNCARA: = ) RIMRAREL K53 R
Treatment NA/ (kg - hm™) NUE/ % PFP/(kg + kg™") NHI/ % WUE/ (kg + m™)
No 158.65+4.71e 59.34+0.84b 3.22+0.13d
N, 208.40+3.68d 27.33+0.85b 89.21+0.85a 61.47+1.87ab 3.68+0.03¢
N, 224.12+4.77¢ 29.63+1.01ab 75.26+1.70b 62.68+0.26a 3.78+0.08¢
N, 245.65+2.44a 33.46+1.54a 74.30+0.19b 63.55+0.97a 4.39+0.01a
N, 236.71+2.33b 26.11+0.88b 64.00+0.70¢ 62.70+1.22a 4.35+0.04a
CK 231.34+2.39h 27.96+2.67ab 67.77+0.86d 56.43+1.51¢ 3.99+0.05b

Nitrogen w ok S # * * %

application
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Fig.5 Relationship between nitrogen accumulation, nitrogen use efficiency and chemical nitrogen fertilizer rate
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B A R0 i 2 % 4 o 2 S 3 i ek D 1
e CK N A FRAE A A E HBAE 60 em 12, 70
B4 26.62 mg - kg™ 1 19.52 mg - kg™'; N, Hl N, 4b
FEAY S AEME HIRAE 40 em +)2, 3910 13.43 mg
- kg 'F112.41 mg - kg', DA EZERFRWIGHLIESS
A1 BRI (N, N, AT A R 2 3R )2 (0
~40 em) AL, FEARIL ) V)28 T 14 RURS:
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Fig.6  Effects of different treatments on soil nitrate

nitrogen content in 0~ 80 c¢cm depth
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ol e Ak B el i b BE (N, N, ) ¥97E PCL BAPEIX,
N, N, N ZbHEFE PC1 FHMEX, L, PC1 2 IRER



5534

PNEAR A A HILIE C S P N B0t X 74 s A DX K™ o JB /K U T 52 ) 165

BLIEFL A Ak T it 52 1 7 K 7= 8 AR B 55 7K
RAHH EZ RSy, 78 PC1 J7 1A b N AR BREUE — 1
T NG R N AR R N IRAS T A 7 R Rk
BRI HCR 3T T R R e Ky AT v M A SRk
WS AE PC2 51 b N Ab B 5 T HoAd b 3
FH N BAS T L HLIR I

LB R

Correlation coefficient

A VY ILTL L ITEd ®
crel o e QT @ \e
sl S OID DI OW
o DSPE SO
SSC 0.44 SSC 0.2
NA | 092 075 0.90 NA /, /, 0
NUE| 077 059 074 093 NUE / , ' —0.2
PEP| 0 o8 077 | 085 | PEF ' ’ —0.4
NHI el N —06
WUE | 100 052 085 088 092 | 077 | 0.54 WUE ’ o8

NO.-N| 078 0.78 0.81  0.63 0.68 0.78 NO3-N

L S IR COPC R SRV AR \ﬂo@éoﬁ

T CFCAIRBNG &5 ik SC. JE M) & ik ; RC 78 JE MR & Jik 5 SSC.
ATV MRS A s VA R BB NUE . BUIB R B3 PRP  AUIE (R A= 7=
733 NHI: BWRAG L WUE - 7K 43 RIS NO, - N RIERS S A %
gk # x| wow ox PIFIRTE P<0.05 K B E A P<0.01
P<0.001 ZKFAR 2 A

Note: CFC: crude fat content; SC: starch content; RC: reductive
suger content; SSC': soluble suger content; VA : nitrogen accumulation;
NUE : nitrogen use efficiency ; PFP ;partial factor productivity of nitrogen
fertilizer ; NHI ; nitrogen harvest index; WUE ; water use efficiency ; NO; —
N:soil nitrate nitrogen; * , * * , and * * * indicate a significant
correlation at the P<0.05 level, and a very significant correlation at the
P<0.01 and P<0.001 levels, respectively.
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Fig.7 Correlation analysis heat map
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Fig.8 Principal component analysis of different indicators
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20.10% ;55 3 32 oy 32 2 B e IR A % RN A
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Pt 2Ehn AL . AR B8 bR AL 5 B9 B 4G 38 bR 5 3 AR
o= RN (RN Y 5N o R o s - 5 (1 W

F,=0.862X,+0.255X,+0.718X,+0.865X ,+
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0.003X,+0.859X ,+0.625X (9)
F,=0.345X,+0.873X,+0.568X,+0.025X, +
0.238X,+0.225X,+0.267X,-0.223X, +
0.977X,+0.353X,,-0.145X ,
F,=0.321X,-0.100X,+0.071X,+0.357X,,+
0.138X,+0.605X,+0.827X,+0.882X, +
0.109X,+0.321X,,+0.336X,, (11)

T LR 11 AN bR S T A YU A R
NE VBT & K= i K FRL A BT S OK AR LR G
P BREL F=0.698F,+0.226F,+0.076F, . HHiiZ% ik
BOTHE A AL B 255 15 51, 0 X H 17255 TR
(£ 5), 8180 WNEBEMRHIK A N, N, .CK N,
N, Ny, o N A BRI 25 545 53 e ey, U Bz AL B AT
DA RO = B, B2 =K B HROR
2.8 BYEEALIERETEEKZFAHEIH

BRAA F , A VB AL A A R it T
IR SR A LTS FORFR 2 N T 9% BEn 2k
B EMFESY AR O 22 5 5 AN ) A0 RE sk it Ak 2 TES
R I AN [R], AS it I8 25 15 2t f A s it Ah B (N
N, ) PIRERE AR . ZRA W a5 15 50 AT 0, N, Ab 3
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Table 4 Load value, eigenvalue and contribution rate

of the relevant indexes of different treatments

F U BUATE
18T Principal component load value
Index W ERS W2 ERST W3 ERS

PC1 PC2 PC3

Foi Yield(X,) 0.862 0.345 0.321
MU CFC(X,) 0.255 0.873 -0.100
BER SC(X,) 0.718 0.568 0.071
WY RC(X,) 0.865 0.025 0.357
ATV TR SSC(X5) 0.193 0.238 0.138
R BB NA(X,) 0.734 0.225 0.605
AILFIHZE NUE(X,) 0.463 0.267 0.827
RICAWA: =I5 PFP(Xg) 0.387 -0.223 0.882
FUCRAEE NHI( X, ) 0.003 0.977 0.109
KA FIHBEE WUE(X,,) 0.859 0.353 0.321
HASE NO3-N(X,,) 0.854 -0.145 0.336
FFIEAR Eigenvalue (A) 6.844 2.206 0.743
Tik% Contribution/ % 62.20 20.10 6.75
L 62.20 82.30 89.05

Cumulative contribution/%

x5 ARLEEAXERERSEEITNM
Table 5 Comprehensive evaluation of principal components

of relevant indexes of different treatments

LR

SRS S, 43 ok 40 565.41 CNY - hm ™ Fil
23 062.79 CNY - hm™ ,J3 SlA HiAsAb B4R 5 0.94%
~35.70% 1 2.43% ~48.41% (2 6) .

3 9w

3.1 BHEES LR EX EX =800
AL R R FEBARNE T b5 + b AL
JEBC A B AR AR it (78 kg - hm > A HLIER A 182
kg« hm AL ) AT DLk B AR M AR, 484 o Bk £y
(] s 4l b A8 AR k) R 23 TC, DT 4 v R
Kreit, FEAR/DHF ST A BIARILE e, &R
U K B, 38 U T T LA S b b A
o FPRLEEAE A R TR T N 2
L, BSOS E XA A it A
(240 kg - hm™) , HHLICHLEUE A LU 3« 2 B
AR TR, BEE R REN, KTH
PO 5L HE 75 6 &L B (210 kg - hm™) , A HLIE AL
20%ALHE (42 kg + hm™) A jiti 168 kg « hm > fLAEA]
DABGIN oK A, 2 o R BOR R R T
JRIAAFRLFEZ . XaAE S BT A R B, ST R
Jli & (270 kg + hm™)  FLACUIE 20% B i 4 HLAE

T ﬂ\tIEE t F, F, Fy F Comprehensive ( 1 500 kg ° hmiz) m UE&%%% ‘l’i’{j‘( , 'fﬁﬁﬂﬁt%ﬁ
reatment
anki F= NN AN [ . N T e
rantine A=Wyt I kPR Gz T i v R K RORE B kL
Ny 0.506 0.941 0.188 0.580 6 N 8 e e
Nl 2.152 1.639 1.367 1.976 3 ﬁéﬂﬁi%o ZISE}I:%EF‘ ,%?ﬁi@*ﬁﬁﬁ@ﬁ§(260 kg .
N, 3277 2259 1.960  2.947 4 hm™2) A HLIE B L 30% FLHE (78 ke » hm ™) Bl i
N; 5.209 3.179 2.847 4.571 1 DY A pt
N, 4.605  2.921 1.958  4.023 2 211 kg + hm BRI HLABAC & AL LU 18.85%
CK 4146 0.892  2.738  3.304 3 KRG A P& 19 323 kg - hm ™ A HUEEC 30%1k
Fo6 ARLETEIREFMUH (CNY - hm)
Table 6 Economic benefits of spring maize under different treatments
A Input i #5 Profit
Aty = el 2
Treatment ek 5% k% FABHA syl e
Fertilizer cost Water cost Other input Total profit Net profit
Ny 1066.68 1288 12000 29894.14+1123.39d 15539.46+1123.39d
N, 3875.48 1288 12000 34095.95+325.65¢ 16932.47+325.65¢
N, 4045.05 1288 12000 34929.94+787.66¢ 17596.89+787.66¢
N, 4214.62 1288 12000 40565.41+102.69a 23062.79+102.69a
N, 4384.18 1288 12000 40188.09+437.14a 22515.91+437.14ab
CK 2197.11 1288 12000 36998.93+469.49h 21513.82+469.49h

(78 kg - hm™) Ficii 187 kg - hm > fL AL, EIA HLAE
Be A AL NEEiE 28.08% k45 fie KU 3K 48 44 60.46%
X EZEH T AR T £ KA 7 A0 57
SRR, LR R T EXRAEF TR RS, =
HUMERAE T YA BRI AR AT 45 R S i
NFEAR—F, 0] WL AE A ML it FH Fn £k A el it 4 £ 3%
NE s T PR T MRS = 0 vk 7 o R4, B R
KT SRR L b

3.2 BHIEBE A LA HEXS T K FF L&A 5T 9 30
ARG R I, AR b 58 £ v A HLIE L
A 30 AR IR AT ARG TR K UE Ry | R P A
SRR A LR 2 A0 IE it EL 451 388 i, R R AR
P I 22 A RELR 7, XIS O i 46 24 e 5 3 1, 8 JIK
HY RIS PR TS AT A4 A R C & B B it
A ML e ot o P 8 000 7 348 K, 3 7R 2 B Y
K AR 209% it 400 kg - hm ™A HLAE AT LA
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REARZE P RS R AR 5 i, B4 0 nT & FH S 43 ml s o
W, IR I A3 5 S8 XU i T, A 0 25 A 5
T A PR EEAC 50% FLREHE I T, 37 9 SR S2 g mT
VSR Y | ] s b BORE R EE 3G 0, ol iR R
AL, MM fF 9T 00, 0s 0B it Sk
DERT LA I 5 Kb AR 2R 1, V8 # FLA Ji 1 b
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BEAR 309% AL B AT L4 R B KRR B A B, B AN AT
VSPERE . AP E— D, BE T Y A it U
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Vs PRI B P i AR T I DAk AR D
VERY | TV A R T S it 2R
TGS, T AVE Ry |0 D P A | T e o S D
Jits SE RS W/, X AT RE R B A LR BC A b e
WAL R T AEE S IEM AR TR T T
b R A RO G R R BE A X A
FR B3N, A HLIE AT LASE 2 VR )8 R A8 B I,
FRUE BT HZ X I B KR L o, ELAA 52 mi 4T3 7 a2
— 5T,
3.3 BEHIBE &1L BRR MEXT E oK 7k & F F B9 =20
W95 & B, A AILAE e & f0 AT el it mT A5 25 Wi 9 1
PIFEK B 50k RL ™ G R B K 4 R R
RS BRI R g W] A HILAE 25 A Uite 1 e
AT R KA R | AL R AR (2 R 1) AR
YL, BT B R XA A (210 kg - hm™) A
LA 20% L AE (42 kg - hm ™) Filjiti 168 kg -
hm > AL AEFEHE AR R e AR, 2R B s ], 3
T B AR (180 kg + hm ™) , A HLAEEAR 209% 1k
JIES AT R A e e EE A 2R A HLIE AR 40% 16 AE AT
pAF R EUIE R A = 1 AR R A, A LR L
A3 AR D AT LA N EOK M b R A
PR 1 2 B A )RR A3 B, 12 8 K R FHARLCR ; Bt
T Y AR A B 260 kg - hm™2 A HLIE AL 30%
fEHE (78 kg - hm™) Fitliti 193 kg + hm > {LAE , EIA HL
NEBL A LB 25.77% T R R ERE K, AYLUIER
£ 30% AL HERED G 173 kg - hm 24 AT, BIA HLAC B &
FRNE i 33.46% T ZNCEHIFH 4 33.96% e i o A F
FE 5 I AMEAR S SR A AR TR, AT RE 2 A ) b 3 ] <
i % PR 25 4 it I R 0 T 1 25 S
., WL AU B A I Ak I8 Dt R it ] A
1o RO BRI SR, A B T R b o a4 7 AR R
WP % 40 B D0 AR 0 R I 28 T i DX 4k
LI

3.4 AVRESLIEREX T EESR S ENRIT
AT TR I, W T A AR
SRS A S i, HoP AR 180 25% %5 s A AL HE 0 ~

AEUOTRIFE R A DL TG A A TRt 1T L) 4 3
TSR RFRE ) , PSS AU e o X I i 45 Y
FER I, A HUAE FE -5 A HE it 42 5 7 VR MR B/ A
WRPr IR R S 1, AP RN, A HUER &
PCRE it T LA A% [ 2 B IR AL 1 0 3+ 0~ 40 em
)R HIERE A R, BRI 1 TR B T 0 XU
X —J7 1 AT B 2 it FH A LA RT3 0 4 48 P 2R 44Ok
FeRALT S i, o 2R Y 4R AL RE 4, 2 i
TR RS A AR AN 5 53— D5 ik
Pt shE G 1 602K PRV ) R g B I W Wi i 7 A2 K
TR, AR T R KIS Y i KU AR ST 4G
SRTNZEAS — 2, Bl G AR R 3 1% X
SR S S AP AR R R FORMRR T 3R /Y
JRURSE AR, 000 T PR 455 R B 3t 7K o B S BRAR
LR TR A R BAT RS X

4 %5 i

(1) A HLARE FC A Ak 2 /I D mT DA k3
FREER IR, A F0 0 [R] s A1 1 b b5 4 4 i 1)
FERLAMEC , T2 3 B oK i, A HUIEEL G AL AE
Vit 18.85% W] ARAT I i i 19 323 kg + hm ™ A 4L
JEHE A Ak AT U it 28. 08% T 4K 45 fix K Uk 35 45 %k
60.46% .

(2) A HLAEAE R A3 A 2% U0 D mT DA RS
B B AR VE Wy | 38 SR M 0] R, LR
F AL, F PR A4 NI B Z2 R g 7 , b 30%
FHLENE+T0% b2 FNC AL BRI A, #8 100% b2
RAL AL FE SC . RC, SSC 43 5l 38 I 19.53% . 5.68%
13.19%,CFC J%/> 7.01% .,

(3) A HLAEAE R A3 e A 2% U Dt mT LA RS
A FE A B, (e A R A ok
R IE, B E K AR AR, A VUSRS A A0 IE 18Ut
25.77% nl AR A5 KA B AR 242.79 kg - hm ™, FH AL
HEFCA b HE 8 it 33. 46% T 35 15 f% v EUIE F1) FH =R
33.96% .

(4) A HUIE L 438 A AR st T LA 2 2 £
HEER)Z(0~40 em) S AR, BEARIL 17 2R )2 8 U 1 K
&, o 309% A HLAUIE +55% 1k 2F FHE T 30% A HL
RNE+70% b A RN PER IR AL ,0~80 em 12+
AR S ERE BB 100% 1627 E 0 A0 353 518
/714 .6.16 mg - kg™' .
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