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Effects of combined application of organic and chemical fertilizers on nutrient
uptake and utilization of maize in newly reclaimed saline soil
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Abstract: A field experiment was carried out to study the effects of combined fertilization on yield as well as nutri-
ent uptake and utilization of maize in newly reclaimed saline land in the high-lift irrigation area of Yellow River in Gansu
Province. The results showed that fertilization could significantly increase the grain yield of maize by 13.4% to
168.8% . Excessive application of nitrogen fertilizer could injure the leaves and thus affect the straw yield. The effects of
organic manure were very outstanding under the combined fertilization condition, no matter with middle nitrogen (300 kg
*hm~2) or high nitrogen (600 kg*hm™2) . Both the nutrient contents and uptakes in maize plants were improved signifi-
cantly with the increase of fertilization rate. Grain was the main organ for nitrogen and phosphorus absorption, but straw
was that for potassium absorption. Combined application of organic and inorganic fertilizers could promote the absorption
of N, P and K in maize. Under different treatments, the nitrogen utilization ratio was 14.47% to 20.74% , the partial
factor productivity from applied N was 11.06 to 25.69 kg-kg™', the agronomic efficiency of applied N was 3.04 to
11.40 kg-kg™", and the physiological efficiency of applied N was 20.08 to 56.63 kg-kg™', being relatively low as a
whole because of the lower utilization of organic manure and the little contribution of organic manure to total nitrogen sup-
ply in the current year.

Keywords: irrigation area of Yellow River; newly reclaimed saline soil; combined application of organic and chem-

ical fertilizers; nutrient uptake; nitrogen use efficiency
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1.1 RIeXER

RIS BEAE H k48 o B AL £ ek (37°05
N,104°40" E) , i T 2% HL ¥ DX 1 i, 14K 1 645 m,
SRR T 480 m JE BUABHE X, X N 1K
2 Jpn T B AR B, BB R 4, 1R
JEERE 3 ~ 27 m, IESIN RS+, R K ERAE 40
m PLR B EEE > 13 - L1 & X AL 7E 5 Al 7]
T i A kAT PR AL, Ja 1 B VA AR T FAX,
T2 7 9 e VR A VD IR R s, T R T R i PR
T RIRBEAME BB K i 259 mm, 28K i 2 369
mm; 5545 6.6°C, =0°CHT 10°C RIS
3 208°CHI 2 622°C, ToFa# 160 ~ 170 d; 4% H HEH 4L
2919 h, 5@ 415 616.2 kJ-em ™2,

IRIRHE R 2009 AR B ER i kb , AT e sk
177 KoK pk#h, 2010 4EFF LRl 50, #E AT HHZ L4 (0
~20 em) A BT 8.01 g-kg™ !, 4% 0.59 g kg™ !,
1,09 grkg ™', 28 1.09 g-kg ™ AR 45.4 mg
kg™, U 6.5 mg- kg™, M 193 mgrkg™!, +
HEZSH 1.43 grem 3,0~ 10,10 ~ 20,20 ~ 40,40 ~ 60,
60 ~ 80,80 ~ 100 em T2 &R 5 h 4.22.4.75,
5.27.6.29.8.91.10.72 g- kg™ ', JB@ T &AL Y—Hi iR
RIS+ A 3% pH (EAE 8.25~8.74 Z[f],
1.2 KW 5EE

IR 2 AR 3K FIERA A wet, 94
A B (N) B 0,300,600 kg hm 2=k, H
HUIE(M) % 0.12.24 t-hm 2 =AKE, BAARLEF R .

(1)NgMy(CK) 5 (2) N3go3 (3) Nego3 (4) Myp5 (5) May; (6)
N3ooMi25 (7) N3goMag 5 (8) NeooM25 (9) NeooMaso 150/
X 4.4 mx11.5 m=50.6 m*, EH 3 I, fEHLIX
HHED . IR FAEAEDI L 5 16 5 0 b 4R £ oK
mAP 4 H 15 HEEF, B 7208 70 em + 40 em 119
FEAEAT, AR 2 47, KRR 25 om, PR1H 6.75 T7 k-
hm=2;10 A 12 HGR A PR RIS FF 43 BIFR . 58
Jir A VLI R alisg s, S A LR 274.8 ¢ kg™ 2R
14.28 g+ kg™ ' W 75.25 g+ kg™ A 10. 24
grkg S ITHARME N IRZE . 40% A9 R NE A1 43584 AL
NEAE A FENE , FHEFIHT S5 G R b 51 ABHZ R
60 % RN T F ORI LG HEKIBHE . 1050 v TBE
K FH 3 A PR B A T B2 A B E I R &
KA B WAEIFEK 5 U, HEBEE A 6 750 m® - hm ™2,
IR TR FE B R P —H 1T 13% (BT — ik 22% |
fHE—L 2 25% (LB 20% AHE 20% o R
5 1 A PR R XY R AR [R]
1.3 #HmXESUESHT
1.3.1 #HmkE  FORBGRES, BN X L2
PEE 5 KR EK, Vb T BT M B350 43, A0k RS FF
PR A RAE , ML T Ry A 0 0, 4o ) DU 4 1 R
B
1.3.2 MEHH AP HMEIIRE AL &2
FH H,80, - H,0, THE, BUEH 3% H (02 s 440 KO
BEk
1.4 EHEAE

% FH Microsoft Excel 2010 %4 4b FRECHE M i 1A,
FH SAS8.0 Geit g A T A S G it o #r o
2 AR50
2.1 AEEEXEXR~Z K

Jite A 2 5 M R AR 2B RN = R T R B &
HIE 1 RTLVE ), Joie 2 Sl /S A PUE, i 2 A
MLICHUIEEC A, #2481 FORF PR ™= i F A )
Fe I HL, R R BE A AE A R . 5O
JEHE 4b BE (CK) AH Eb, Bt 280 A8 B 6T = i 14
88.2% ~ 140. 6% ; i A HL AL 14 m 13. 4% ~
49.7% ; A ML JC HLAE AL & il A 3 i 106. 4% ~
168.8% o TCit 4 A (Nago ) 1 J2 155 8L (Nooo ) AL B, A7
HUIE X B T 538 (R 38 7= R0, M F1 My 20 1) EE
M, 347 18.2% 41.5% 1 21.1% 28.2% , K Z7E
R (Neoo) ZM T, Mp 5 My, Z B 38 7= 5 R E 4R
B3 DORTRIEAE AL H A Y17 5K, Neoo b Nago&h
BRI T 98 k0 B Rk it RUIE (5 3 AR 4y
SN AN D i o N N 5 7 Ve TR o e
YRR
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Fig.1 Maize fields of different fertilizer
2.2 AEHEEX ERFESREF B0
2.2.1 HERFEREAARSEFGHH 0

SAER 38 S H N7 43 T B A K P B A T 45 A
FTFEFRICRENRAFEAS . NE 1T RIEH,
it T T S KK RS A 19 7 43 W W A A i
SR AR AL R (CKO) A B, AS [R) it B Ak 3 KA
FEFFHR IR BN T 9.56% ~ 38.35% 1 8.57%
~72.06% , RNEX AR R E TN Z R TH L
JE , ANTe A Fi AL 2 AL 5 A LI BC G , %5
BT FORFFRLFNFS FF 19 & A, (HAEAE R ZUIE K
SR TR A HUAE R T KRR RS A5 R A5
MR IR AR 25 S o K. [FlB fE R A&, &
KA ZFNFRF a5 A B A R

®1 AEEERLENERFHNNBEFFSAE

Table 1  Nutrient contents in maize grain and straw under different fertilization treatments

b AN/ (gkg™") WP/ (g kg™") K/ (g kg™")
Treatments FFBL Grain FEFF Straw FPBL Grain FEFF Straw FPBL Grain FEFT Straw
NoMo 9.10f 3.15¢ 4.47d 1.45¢ 4.53d 10.74f
Nao 10.88d 3.76e 4.56d 1.53 4.74cd 11.83¢
Neoo 12.39ab 5.15h 4.72d 1.68¢ 5.13ab 11.85¢
My 9.97¢ 3.40f 5.20¢ 1.82d 4.76¢d 10.94f
M, 10.05e 3.66e 5.33¢ 2.09 4.85¢ 10.91f
NagoMia 11.55¢d 4.14d 5.38¢ 1.89d 4.96he 12.97d
NagoMay 11.84be 4.43¢ 5.64b 2. 12he 5.22a 13.52¢
NeooMi2 12.57a 5.42a 5.87ab 2.26ab 5.23a 14.14b
NeooMas 12.59% 5.33a 6.02a 2.40a 5.25a 14.51a

T AN P REFRRAE B 22 5 B2 (P <0.05) . T,

Note: Different small letters mean significant difference at 0.05 level. The same as below.

HHUES FACE At A KR E 7 A B
B RV T, A ] it A A B 6 KA RE FIRS FF b 1
Ay 2.01% ~34.68% F1 13.33% ~ 77.78% o
FERA RN S5 T, Bl RIE F R I, FORFFRL
FREFE G S B A0 A a3 (H2E R AR B
FtiA BT, BB R KTA TR KRR,
ORI A HUIEA B 55 0 4 ey, (A [ ] 4t 22 1]
EZRARE; AVIESRIEE GG, TR
FEFF S B o — 2D i, OF HoA BEE ZEFA AL
JES D 5 A e A A

TRERE T T K 4 2 W AL 1 5 ) 2 (B 25K T AR
i, 32 DR R X P B R S e, AR
T R AE D SR o (EAS [R) e A Ak 3 2 B A7
B 255 AR R AT & B0 i s e R FRRL, U
A PURECA 1R RO T 200t . Bt U 2 A
T, Nago FHl Nego b FEATFHRL & B 73 3G 0 1 464 % Fi
13.25% , %% FF & 8 & 20 %0 3 fn 7 10 15% F0
10.34% , Hor Nooo L H AR R & B QAR w20 A
MLICHUIE BE A 17K Vo B A MLIE S5 44 T, My, #I

Mo b BRURERE 25 B0 B BB TN T 5. 08% Al 7.06%
FERT S BRI AN T 1.619% 1 1.86% , 34 & #K
BT ENCA R, B S APUER S, 5%
PR T FOREPRE SRR FPRL & B 43 s T
9.49% ~ 15.89% , FE#F & B it 43 34 m 1 20.76 %
~35.13%.,

2.2.2 MERMEBKRASBEETHYR FOEHN
LT AR R 3R S 10 25 4 R RE
EAURE TR IAA B 1555 & i, ik T
PRI R FEER AT MR AR K AR 2 Ml
#BZ 2 e, BRI, AN (Rl it AE A B A 374 5 1 et 3
P TAR K22 5% (38 2) o MOKPARL RS FERIAR PR A 1A
WA K, I Neoo Mag A0 B 155 , CK S I, 9
Sy IAHZE 3.72 4% 4,65 f5 1 4.03 £, PRI oK
FEAR W U A, BB & RS AT, e B2 1. 12 ~
3.40: 1, Moy A0 BEFZARR , Nooo X Bl AR o o Bt RUNE £ 14
T Naoo Pl Neoo b R A AFRL I & 73 1] bE CK 3§ 1
124.74% F1 227. 23% , %% FF W 50 & 20 5l ¥ 1
102.42%F1 92.16% , i AL BL T M. HtifA
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BUIBZE T, My T Moy Ak H3 A0 7 I 20 43 1) L3
JY 24.24%F 65.00% , {EFS 1 0 5 4040 3 35
T 91.60% 1 192.75% , Ba A ALREAE i T AP R AL,
A PLIEAEE 1T REFT X ZR R, EAE S5 A HLIE

BCHt S, FFRL RIS A W R A S, (H AL 3z
(] 22 S EHE 4 /)N N300M125 N300M247FH e, FE ks A
FERFI 4 3 R 17 14, 12% 1 31.50% , 5
Neoo Mo AH L, i R I T 38.02% F1 31.57%
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Table 2 Nutrient uptake of maize under different fertilization treatments

T2 A& N uptake
G OB

MW P uptake

M4 K uptake

Treatments /(kg*hm=?) /(kg*hm=?) /(kg*hm=?)
FPRL Grain  F4#F Straw 3T Total FPRL Grain  F4#F Straw &3 Total FFAL Grain - FEFF Straw £ 11 Total
NoMy 35.34h 17.71f 53.05h 17.36h 8.16h 25.52i 17.56g 60.36g 77.92¢g
Nioo 79.42¢ 35.85¢ 115.27f 33.30e 14.59¢ 47.88¢g 34.61d 112.78e 147.39¢
Nooo 115.64b 34.03e 149.67d 44.07d 11.11g 55.18f 47.90b 78.33f 126.24f
M, 43.91g 33.93e 77.84¢g 22.88g 18.07e 40.95h 20.97f 108.55¢e 129.52f
M, 58.31f 51.85¢ 110.16f 30.94f 29.61b 60.55¢ 28.18e 154.60cd 182.78d
N3ooMi2 92.50d 46.10d 138.60e 43.10d 21.04d 64.14d 39.72¢ 144.38d 184.10d
N3go Moy 105.56¢ 60.62b 166.18¢ 50.26¢ 29.03b 79.29¢ 46.52b 185.14b 231.66b
NeooMi2 127.67a 60.65b 188.32b 59.61b 25.29¢ 84.89b 53.12a 158.22¢ 211.34c¢
Nooo Moy 131.30a 82.35a 213.65a 62.78a 37.07a 99.85a 54.76a 224 .33a 279.10a
MAFRL FEFERF AR SRR B RORE RS 2.2.3 s RRARZFENHn AR NER

W R R[], 102 Nogo Moy A0 BRI 55, CK 5 AIK,
Wi A 22 3.62 1% 4. 54 151 3.91 135 FPki 5 7%
FFHO R LB R ECR 1.05 ~ 3.97: 1, )2 My kb
PRI, Nooo b P 5 157 o DA B il 260 1S Ak 4y R A o
KF AL CK A KRR, (HAEAFPRL A UZ Neoo > Nago
ARBE FEFF AR AT Nago > Nego, AT RE A I 2 it 20 12 A
ERFIE T WEA M, AR A UL E X AT R
W P AR R F B AR A PR R v, (RS
W e AR HEVE A B = T AL, HAREE
A LAl B S 1 g ik, JUIE S AU RS
it S, AT B Tl o it A o P 398 o T 248 o s R AT
W Bl B A2 =y A LA A EBH I R AR MLIE AR B
Moy 25 755 F Nago My F1 Nego My A28 B 5 MR R W 15 A2
TR, MROR B I 2 X 385 i 38

MKEREL G T FIAF bR S AR IR B0 8ok &, KR I
Neoo Moy Zb B B 157, CK F A1, P& 43 B FH 22 3. 12 %,
3.72 f5F0 3.58 4% AHFS AT & R BR A A&, Sk RL
BRI LA 1.64 ~5.49:1, Neoo b BRARAR , My, b 28
Wi AN T, AR i Neoo > Nago AL
P FEFFAIIZE Nago > Neoo » 32X A2 Ry 3 3 it 26038 1 R
FANH TR, PR ALIE ST B R
AR BE I, LR R B St DR e, (LS P 498 it 0 8 v
FHRL, RIS HUIEECHE S, FFR 4 2 7E LA
25T Tt it S 2 118 58 o o S S R, (HLFE i R AR
T A AR A i B A AT R A A 1 i 3
i, Bl ZUIE BN e R B mE &

HE-55 A HLAE Bt o 37 B R 351 e /=4 % 20 W s
SR DR B RIS B A RCR AR W 2, AU
) F % ( Apparent recovery efficiency of applied N,
AREy) ST VR0 it A - 38 v 3% U0 T3
VR AR DR ACRE IR 3 I CIR B B TS50 th
3 A, AR M AL B AREN 7E 14.47% ~
20.74% , A EERAIG, e M Sk B AT, Nago 420 2
IR, XA ALUIE Hh A ORI ORI B, A
BTt AT HLIE R, Bl it IE & 7Y 186 0, AREy 7834 5
1B F i SIS AN RUAE 5 A UL IC 45 3 PR, Bl it
HEEEASE I, AREy HBAE A BT REAR , FU P AR A 1 2
AR, I R 22 57
R A= 7= 1 (Partial factor productivity from ap-
plied N, PFPy) Sz i 7 B0 50 A B AE AL 0T BEAE 7 Y
VEVRPRL™ i, J2 PP HEARLARON 8 AR AR L A
g B s H DX HERIFR R I E , TR T, B
Bl PR~ B2 R AT, W b B0 5 & H AT
FNERGE IR A 7 A S 38 7 % R B
H13% 3 Al A, ARG AC AL F A PFPy 7E 11.06 ~ 25.69
g+ kg ™ Nooo Mo 20 T 55, Mo b B 5 , 5 9
2 BEA Tt I 5 A 3G T R AR DIE R R
Neoo & Nao BE MK T 36. 06% , My & My, B AR T
34.04% . RIESHHULBCHERS , 7E235 2K T, Nag
Moy NaogMpFEAR 17 18.37% , Nogo Mag E Neoo My FEAIR
T 15.96% s tEAF A HLIEZRAF T, Nooo Mo FE Nago My FE
KT 22.51% , Nog Moy H Nagg Mg FEAR T 20.22% , #5
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Table 3  Fertilizer utilization rate under different treatments

AbFR A H % FUE R A 7= 1 AUBA 2 RR FUCA: FERR
Treatments AREy/ % PFPy/ (kg kg™!) AEy/(kgkg™!) PEy/(kg-kg™!)
Naoo 20.74a 24.34b 11.40a 55.20a
Neoo 16.10bc 15.56d 9.09b 56.63a
M, 14.47¢ 25.69a 3.04f 20.08e
My, 16.66hc 16.94c¢ 5.62¢ 33.77d
NyooMj2 18.15b 16.99¢ 8.76bc 48.27b
NaooMay 17.60b 13.87¢ 7.83cd 44..50be
NeooMy 17.54b 13.16e 8.13bc 46.40bc
NeooMag 17.04b 11.06f 6.95d 40.79¢

RAEA 22308 ( Agronomic efficiency of applied N,
AEN) J2 48 B 2 B I VR ke R i, 2
U AR 7 R4 A8 Ry TR T B 8 A , L ARl A 7 v
RO AETHRIRZ —o |13 3 "] LU, A [a] it AT
AEPREY) AEN 7E 3.04 ~ 11.40 kg kg™ ', M, Zb FHER AR,
Naoo b B iz i, SAEAR , LG A AL FH S A8 15 o i g
ik B ZAERS , Nooo bL Naoob# A1 1 20.24.% ; {H ERL it
APUERS, Moy 2P EE Mp 35 1T 84.81% . HIEHA
PR HD 5 B, 76 25 BT, Nago Moy HE Nago My, BEAR
T 10.58% , Nooo Moy F Neoo M FEAR T 14. 58 % 5 7£ 5
APUEZFAE T NoooMiz o NagoMpoFEAK T 7.12% , Neoo
Moy b Naog Moy BEAR T 11.28% , #BME AR T 25 AU S AF,
A DUAT UL 245 2= A1 3R AR 2 B AEy FRARAY 32 %2

FIEA: BERCR (Physiological efficiency of applied
N, PEy) S 1 ) 4t 950 4 W82 A B Ao JE sk w18 S0P 3
Tt BP0 (R 1 T, B A 2 AL A PN 3R 03 Y
IR, A R3S R0 . 3R 3 AT, A
[l A AL B ) PEy 7E 20. 08 ~ 56.63 kg-kg™!, My, 4b
PRIRAR , Nooo b Bl 57 , 7] WAL NE EXT PEy B30 {2
R TANLA, X2 A HUIE R LR , 5770
%, HEAAED IR N B D o A BILICHLAE B it R
% > NaooMi2 > NeogMi > NaogMay > Neoo Moy , H A H I i
A ATUIE FH S 154 i A o

3 17 i

AR T A A K 2 B0 R o B A o
T B TR HEAE AR o OB SR L
JyEs ] LA it T3 N P.K, Ca. Mg %67 T K Y
W ST AL AR P 75 3 W T ) L R 4 T ) AN ST
7 o AR LSO 1o XoF 2 BN A A HL AR AR B

TR AR AR, B R AR NP &R E]
AR, K & G BRI, 10 Na & B2 0. I3
[ 2210 i fF 52 4% SR 0 AE L AR S, W NaCl it vl
B HEREACRMAR A R PUK ., Ca Mg, Zn F1 Fe 1
LN B RA N, HERA R Ta
(5T 2, NaCl £R R385 L 3585 N P K 7%
B (PR FR I 2 2 R (R
WA T E R, S0,2 7 BV A R a8 R R
N.P.K &, £ 56Xt b b ia T 1E9 5=
Sy WISy T BIF 9T i, B AN AR 2 T EER
LBV BIF 58 2 0, A1 TR R B R 0 S A R A B R
P, Bl ALK AN BTG, 25 25 19 o = i A
A NCPUK R R R AT R T R G
Jo R ) 5 b R BRSNS R R
TS RIS 2 I, Eh T 0 I A P oK it
WERE AT DA 398 i i, (R AR R —3R 40 1k 7
e TR Cayo — P, T HE = ZUIEAE A o, A 2 0
B HA B TR IR TS Cay - P I HLHI . ABFIT R
B, AR EORAERRIY NP K 3240 & R i 1l
FE it IR Uit HLIE S A HLICHLAE BE A i =2
] ASFIIER & 2 0] FPRL SRS AT 2 [ ARt 1
fRK 225 (HMEAEREMEDE N P K 250 Wi iy s by
ZOEAAFI X5 7 g R R IR A 0 A S5 N 11 B
FEEERIE—BUW . M Z TS IR 2 5 Y el
B S N RIF AR 285 0t Bl 25 5% AR T RE 5 R TR 58
JIE R T RIAE A AL A28 B ORI v Ko

SE A o R R AL b 20 AR R IERE
K AR = SR ST, KIEH
W AR B R/ T RS R & R, 2
i) AT U A o N A BHOR AR 5 4 0t P o
AU/ INZZ R K A BAOR A T2 2R o AU
B HIBAIG; R A ML HLIE R EC it A RE &
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PR RN AR R R RS A HAL
e, EAE IR, A HLICHUIE RS A i
WG A PR 1 o e FE A 0 i, SORE R AR5 0
REGE AR R, % g w 4k
AT B AN TR] X8 25 A A BCE 4 HERL 0 ™ P 8] X B
T BEAYLRSA BN, AR = AR 0 18]
FERLAEE AL I LE BIdLAH L T ARIFSE A, SR A
FHEE R A= 7 3 AR~ 2805 B AUNE
SE T R ARG , A HILAE g S, A
Tl LA A SE AR A R — 2y, (B2
AR, AT RE RO X AL T 55X, AU
MR AT HILAE G A o A, 1 2R R AR X RR B
TR TTRR/NITEC, AT BOBFE R R R SR
Befo HE R B B R T M A ol R SR —
8K, R RS AW AT UL , i H 4
PRI M) A A7 IS4 2 SO0, A RE AR UL E D AS E
B RO TR R

4 %5 B

1) Jifi B A S 25 4 o A B A 5T O b R K kPR
L5 CK A HE, Bt /IR 34 i 88.2% ~ 140.6% , H.
Jiti A HLAEIE N 13.4% ~ 49.7% , A HLICHLAE i 45 it
FHEEHN 106.4% ~ 168.8% , Toit & A (Nag ) I 42 5
A (Neoo) A0 FE, A HLIE A BoR T 83 3 =48R o

2) AHLTCHLIEFC A i FH AE 2 32 48 = B oK 3R 40
T, 5 CK AL, FPR & A m 4 T 26.92% ~
38.35% , ST HERIRE T 20.36% ~ 34.68% , & 4 &
BE T 9.49% ~ 15.89%; R FF & A 24 & T
31.43% ~ 72. 06% , & Wi &t 3 & T 40. 00% ~
77.78% , SRS T 20.76% ~35.13% o

3) AHLTCHLIE LA it FH AE o 32 48 = B oK 3R 40
W, 5 CK M B AR B R 2 T 161.27%
~302. 74% , HHokF R g A T 161, 75% ~
271.54% FEFFRA AR & T 160.30% ~ 364.98% ;
R S s 4R T 151.34% ~ 291.28% , HorbkF
BN R T 148.26% ~ 261.63% , T AT W i
P T 157.90% ~ 354.35% ; A bR B 40 1
136. 27% ~ 258. 18% , FL v Fy b W B i 2 & T
126.21% ~ 211.85% , f FFU A 3 55 17 139.20%

~271.66% .

4) ARIEZ AT, AN [ it A Ak 28 1) S0 ) FH 26
H14.47% ~ 20.74% , BN A= 7= 14 11. 06 ~
25.69 kg kg™, B2 3.04 ~ 11.40 kg-
kg™, AUIEA: FEALF N 20.08 ~ 56.63 kg kg™ !, Mk
A LLAAR , T2 B IR PR A MLAE 24 2 ) A1, SRR
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