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Abstract: [ Objectives ] Salinization restricts the sustainable development of agriculture in the Yellow River
Delta. The combined effects of fulvic acid and chemical fertilizer reduction on soil desalination and winter wheat
yield were studied. [ Methods ] A pot experiment was conducted in a moderately saline-alkaline soil (pH 7.73,
EC 1.18 dS/m). The treatments were composed of conventional N and P fertilizer rate (N100P100), and reduced N
or P rate as N85P100, N70P100, P85N100, and P70N100, and the treatments combined with addition of 10
kg/hm® of fulvic acid (H). At the seedling and harvest stages of winter wheat, soil samples at 0—10 cm and
10-20 cm depths were collected to determine the contents of available P, NO;-N, EC, pH, and ion composition.
The wheat yield, N and P contents were determined at harvest. [ Results ] Chemical fertilizer reduction
combined with fulvic acid treatments decreased 0—10 cm soil NO;-N content at seedling and harvest stages, but
increased 10-20 cm soil NO, -N content at harvest stage. Soil available P decreased with increasing nitrogen
application rate at 0—10 cm soil depth. With increased rate of N application, soil salt, Na*, Ca*, and Cl contents
increased, while Mg* content decreased. Compared with N100P100, N85P100, N70P100, P85N100 and P70N100
treatments decreased soil Na' contents by 29.74%, 55.84%, 28.62% and 43.25%, decreased Cl™ content by
37.68%, 43.81%, 26.11% and 14.53%. Compared with the same chemical N and P rate treatments, N100P100+H,
N85P100+H, N70P100+H, P85N100+H and P70N100+H decreased Na'contents by 64.63%, 31.20%, 5.14%,
32.66%, and 30.59%, decreased Cl contents by 66.74%, 55.07%, 35.93%, 53.56%, and 70.44%. The yield
increase in N70P100+H, PS5N100+H were significantly higher than those in N70P100, P85N100. Compared with
N100P100, the N uptake efficiency of N85P100 and N70P100 increased by 11.22% and 29.37%, chemical
fertilizer reduction with fulvic acid treatments improved uptake efficiency and partial factor productivity of N and
P. Through correlation analysis, soil salinity was the direct reason of yield decrease. Na’, Cl" and EC were
significantly and negatively correlated with uptake efficiency and partial factor productivity of N and P.

[ Conclusions ] The main salt is NaCl in moderately salinized soil of Yellow River Delta. The Na’, CI contents
determine the EC value of soil, and negatively correlated with nutrient efficiency and partial productivity.
Reducing N and P application rate could significantly decrease soil salt content, and increase the available P
content in 0—10 cm soil. Their combination with application of fulvic acid further decrease the Na" and CI°
contents, alleviate salt stress to crop, increase N and P uptake by winter wheat. Reducing 30% of nitrogen leads to
higher soil available P and lower soil EC value than normal and 15% less of nitrogen rate.
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Table 1 Effects of different treatments on soil nitrate content at 0—10 cm and 10-20 cm soil depths
Ghri]

Treatment 1] Seedling stage W3k Harvesting stage T 1] Seedling stage Yk Harvesting stage
N100P100 11241 a 10522 a 90.94 ¢ 59.80 g
N100P100+H 92.15b 62.36 cd 115.26 abc 128.30 ¢
N85P100 91.30b 68.20 ¢ 117.36 abc 112.62 de
N85P100+H 82.02 be 43.02¢ 97.01 ¢ 125.34 cd
N70P100 91.25b 61.89 cd 114.37 abc 80.65f
N70P100+H 79.52 ¢ 51.77 de 105.41 be 82.36f
P85N100 74.30 ¢ 84.86 b 118.42 abc 106.02 ¢
P85N100+H 77.64 c 63.90 ¢ 138.89a 133.53 ¢
P70N100 75.24 ¢ 84.10b 119.57 abc 148.54 b
P70N100+H 74.83 ¢ 46.85¢ 134.56 ab 174.77 a
CK 26.86 d 322f 30.51d 13.88h

# (Note ) : [RIFNEIEG AR FH:F RS R AL AL #1 6] 2 5 2 3 Values followed by different small letters in the same column indicate

significant difference among different treatments (P < 0.05).

*2 AELEST 0—10 71 10—20 cm TEHIEENHESE (mg/kg) HIEM
Table 2 Effects of different treatments on soil Olsen-P content at 0—10 cm and 10-20 cm soil depths

Kb 0—10 cm 10—20 cm
Treatment ] Seedling stage W3k Harvesting stage T Seedling stage W3k Harvesting stage
N100P100 23.24d 14.51 be 27.62 a 14.07 ¢
N100P100+H 2630 ¢ 13.98 bc 24.80 ab 18.21b
N85P100 26.65 be 15.96 ab 26.30 a 17.85b
N85P100+H 26.19 ¢ 1522b 2744 a 18.38 b
N70P100 3457 a 17.59 a 24.63 ab 22.56a
N70P100+H 29.11b 14.25 be 2691 a 18.38b
P85N100 24.67 cd 12.93 cd 24.63 ab 13.72 ¢
P85N100+H 2032 e 12.53 cde 25.07 ab 1451 ¢
P70N100 2533 cd 11.61 de 21.37b 12.14 ¢
P70N100+H 24.28 cd 10.64 ¢ 21.57b 1221c¢
CK 12.84 6.07 f 12.14 ¢ 7.26d

¥ (Note ) : FFNEHEG AR FER:FR R A FIE AL HL ] 22 5 B3 Values followed by different small letters in the same column indicate

significant difference among different treatments (P < 0.05).
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B N10OP100 B4 T 14.68% Fil 48.75%. i {E4&/)N
FUWRW, 5 N100P100 A AT L, N85P100 Al

N70P100 &b 3T 1y - e A %ok & & o W3 fm 1
10.01% #121.21%, P85N100 F1 P7ON100 &b HH 43 5[5
KT 10.91% F120.00%. 7E% FUMEACL B A51F T, #&)8
PR S 0 8 2 B v T A/ N I A O i
N100P100+H AbFHEE N100P100 &b + HEA %ch & &
BT 13.17%. fEMASCE WIS, EERY
NIRRT T S & &
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7.39%. 8.10%, HJIikF| P EKF-,

A2 3 1A, ASFDE RN N RS R R 2 5

—
[=]

[ ©)
N

o]

cr
& HCO,

Noks
] Mg2+
B Ca>

oK
O Na*

£ (=)}

7% & Ton content (cmol/kg)
[\S)

(=]

AL PE Treatment
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Fig. 1 Effects of different treatments on soil EC (a) and ion content (b) at 0—10 cm soil depth at harvest stage

[ (Note) : ¥ FEAF/NG FREFR/RA AL B[] 25 57 1 2 (P < 0.05)

Different small letters above the bars indicate significant difference among different treatments (P < 0.05).]
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AN, TR 22 57 B3 (P<0.05), N85P100.
N70P100 Ab FHAFAL 2 & AE N100P100 4351 AR
T 6.28%. 10.79%. % FF WA AR Rr 20 W I i

1.06% . 9.82%., AS[A]Ab BH R k40 49 ik W i 1 32 3R
7. N70P100 > N85P100 > N100P100 > P70N100 >
P85SN100, FEARENCH =8 & T /A ZEWIGIE . A

FAwA 7 RS R WORCROR , X W A 7 T R
WA/, 5 N100P100 4EBRAI L, P85SN100,
P70N100 4b 3T & R WO IR T 7.24% .
15.35%, % 3= W W80 e Bl3g i 1 21.92% .

YRt & i BT RS, P8SN100, P70N100 4k
FRA RS AT A U B N100P100 43 I &% T
19.47% . 26.28% , FFRL A W& 7 R T

9000 F 44.75%, FE—HEAE &, Bk N100P100+H
8000 | a 7 Ab R T AN, AT i 8 R i — AL R
oo d el fire THPRBOR . BRUONCR . SR TR, BRI
= ¢ Pl A= 01 SR SRS AL BAR 1, N8SP100+H
£ 6000 | AR R E OB R WIRRCR S B T
iy w000 | 7.06% F1 12.28%, N70P100+H b3 F % 2 W Ik

BRI R T 9.09% il 11.86,

Ralrere ;\Q'Q . o g PRSN100+H ML M RLAWRICACE . I S)

@ @gﬁ Q%@Q Q%@Q@%\ ;JIJ%E.%T 7.04% Fil 6.35%, PTON100+H REFE R R %

& & E W Bk R W R R RCR i R R T 7.69% Al
AEFE Treatment 2.67%.
M2 FRRERHENE = BHHN 25 MR
Fig. 2 Effects of different treatments on L NIRRT 0—10 cm 11 EC{E Eh 4y B
winter wheat yield YU, 0—10 1 10—20 em HHERIAE L A A it
[ (Note) : B FAJA/NG bR ARl b B 2% 57 835 (P <

5% . BERIRECR . A e, Fﬂgzwﬂ%a@%ﬁu
K 3. MK 3 A4, +48 EC 5 Na*, Cl- M

0.05) Different small letters above the bars indicate significant
difference among different treatments (P < 0.05).]

3 TRELENZNERTMIFRAR ., BIRKE R R BSRBCEMRE = R0

Table 3 Effects of different treatments on nitrogen, phosphorus uptake of winter wheat straw and grain, absorption
efficiency and partial factor productivity

AWt (kg/hm?) B (kg/hm?) WCE (kg/kg) A= 41 (keg/kg)
At N content P uptake Uptake efficiency Partial factor productivity
Treatment
FEFF Straw  FPRL Grain FEFF Straw  FPHL Grain N P N P
N100P100 14435 a 285.62 ab 10.00 e 22.77 cd 0.77 ¢ 0.52¢ 13.32d 118.36 ef
N100P100+H 139.30 a 274.42 be 13.12 cd 23.99 be 0.74 ef 0.59d 12.57 ¢ 111.74 £
N85P100 138.81 a 267.67 cd 12.11d 23.59 be 0.85d 0.57 de 15.38¢ 116.20 ef
N85P100+H 140.70 a 292.28a 15.06 a 25.48 ab 091 ¢ 0.64 b 1547 ¢ 116.91 ef
N70P100 134.59 ab 254.79d 12.47 cd 24.75 abe 0.99 b 0.59 cd 18.34b 114.13 ef
N70P100+H 13550 a 287.75 ab 15.05a 26.57 a 1.08a 0.66 b 19.70 a 122.56 ¢
P85N100 116.25 be 282.59 abc 15.56 a 18.40 f 0.71 fg 0.63 be 12.69 ¢ 132,73 d
P85N100+H 127.57 ab 295.58 a 14.60 ab 21.48 de 0.76 ¢ 0.67b 13.72d 143.48 ¢
P70N100 106.41 ¢ 257.56 d 13.64 be 19.56 ef 0.65h 0.75a 12.54 ¢ 159.25b
P70N100+H 101.57 ¢ 288.24 ab 13.20 cd 20.97 de 0.70 g 0.77 a 13.23 de 168.04 a
CK 28.26d 211.12e¢ 7.25f 18.45f
H (Note) : [RIFVEAE G AR R: R RAS R it AL AL BE B 2% 5 5. 3% Values followed by different small letters in the same column indicate

significant difference among different treatments (P < 0.05).).
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-0.19

-0.36 -0.32 0.23 0.12

017

0.26

025 0.24 0.22 0.03 -0.34

20N
0.05
0.15
0.26 0.03 0.25 0.33

-0.23 -0.34 006 0.05 015 033 K

B3 8. FoRECEESTIREBUMEKOEX ST ()
Fig. 3 Correlation of grain yield and nutrient uptake with soil physiochemical properties

[¥E (Note) : NPFP—Z& It 71 Partial factor productivity of N fertilizer; PPFP—®§ A== 71 Partial factor productivity of P fertilizer;
10P— 3843 30 & i (0—10 em £ J2) Soil available P content at 0—10 cm layer; 20P— 8847 % & i (10—20 cm +)2) Soil available P
content at 10-20 cm layer; 10N— 3RS A% & & (0—10 cm) Soil nitrate content at 0—10 cm layer; 20N—TIEEA A & & (1020 cm 1J2)
Soil nitrate content at 10-20 cm layer; Y—24&/N42 =& Winter wheat yield; NUE—Z%(Z WK N uptake efficiency; PUE—# 2= W ULRHK P
uptake efficiency; EC—HL 3% (0—10 cm 1J2) Electrical conductivity at 0—10 ¢cm soil layer.]

Ca* & 2 B IEAIE (7> 0.85), Hp5 Nafl
Cl- F ML R B R T 0.90, FIZMIX 1
oy E2 i NaCl M. 1EY)™ 5 5 AR WIHCR . i
B NB BB EEMX (r>0.60), 0—10 Fl
10—20 em 2 A %00 & & 5VEY " & Z A1 R AF]
WER AT, M5 AR WRCE . Wk 2
WBFETFME (r>0.75), 10—20cm HEMSASEYS
WER MR . k™ 2 3 A DC (r=0.80), #H
KAHEERRI, IR R BRARVEY = i )
BRI, Hop, Nat, Clfl EC 5RZEWICE ..
A7 ) B R MO . A ) 2 R DG (r <
-0.60). B4k, Na', CI"FfIEC 5 10—20 cm + /26
MR 10—20 cm 2SR S B R R
AH

3 e

e 32 Eh AL UM Y B IX, S Y AT SR
REAS UL R IR 2 T AR Fe A i, eI i A
FREUEIR AR AR, R
FHDR 2 S ECE AR BUE, T EEERIEY B
ERER, BIAEY ™R, S0 RS
PREE P ARSI, R, 5 PR AR B it X
PR B ER BB st Al T P22 A RN AE IR B 2 2 R
HE,

ARV EREFRELENESRILRZ—,
DUAL HNEAE BRRE Bt X TP mi R i . SR
Bt PRI ARSI EEE ECEEMER . AP
FW, 38 o R e SRS it R ) ed R U 1Y
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AR = A TR O A 42257 (1) SR O
AT LI, TEA/NE AR, 0—10 cm 1
JERHAS R B A BT R KT IR AR (6 1), X
T, BB i A 2 4 v AR IR A A ik R
SRS, g5 Al A A IR EE A R VS TR B o 77 A X A
SRR RE R, HIEMASEE R AR E
TELH RS A, M TR A R 8% B R AU it
wAE P, EA/NEWH, 0—10 em )2 A %00k
it B EUK T B R AR TG, T E A4 /N 22 MR
B1, 10—20 cm )2 B4 R0 7t Bt 2K ST I BEAIG
I (G5 2). XFRWI, 7EFREAR it & A &
RS B A AR, X AT AR S Eh i e s
etk Ca E B A K, YA EECRR, ™
A0 NH, A%, NH, BB fi i T35 rh sg M Ca? i
W, DTS I A LTE , 2 I 52 e k35t 1 S i A
B
AR, BRI A = 20%~30%
BF, VR oA o R R, X S IRATABFITAS
B—8, AWk, 4B N8SP100. N70P100 [
KNG AR N1OOP100 &A% 1.82% . 3.57%,
P AR H R B i 3 25 SR OKE (P> 0.05) XU,
X PR = AR TR 38 s EOIE i
AT o 5 B A b, 2RI Pt
R REAE 1R 5 A /NAZ 77 i . FPRL RS . R
W B . AL W R AR R R A 7 ) (1 2
% 3)o X GAEFAEN Wl SR Liu SER BT
SEAR 0, MATTIA K I BE R 2 ) i S T HLAUIE i
Jiti, RERE e HIEAEALPERT, RS IEY T RS
SPRIE . SRR, ISR FEE S LI L
AHLHER R E AR 1) HIS R A MR K%
G BT IR, DT A S IR AR, AT R
RIRZF WK i 32, ERIREMICRUY; 2) B
TR RILSFETEEILA, B BRI T
WCRMRE TS, RENS W I E A L, R AR E
AV RN, B A RS A& 2
B MR IE AR S&), (S B3R A /N3 A K i
Olsen-P Il FL /K F K 12.5~19.0 mg/kg, M4 Olsen-
P &L 40.0 mg/kg RS = A R KU, AT
FKRMAEL/NEHW, N100P100, P8SN100,
P70N100 ZbFE T 0—10 cm + 24 %W & 43  H
23.24. 24.67. 25.33 mg/kg, 10—20 cm +J2A 3B
AN 27,62, 24.63. 21.37 mg/kg. MFEL/NE
WAk, N100P100., P8SN100, P70N100 4b B
10—20 cm +JZ 1 T HEA R0l & SR RIS B B2

o XM, BEAREUG S A R S AR L
EMIMAERKAZE . A, 43 P8SN100. P70N100
)2 /N TR AR AR I N1OOP 100 [ 4.68% .
5.81%, =R AR IR R W3 22 55K (P> 0.05),
543 N100P100 A, P8SN100, P70ON100 AbFE
REWMRIPHEALT 7.24% . 15.35%, TR
WSO BN T 21.92% . 44.75%., X, 1
Jit A A R 344 o 20 2R WOk e, T R AT 28 BBk
R eI B R R R, B A A AR A I
KHfEAER R ALK, RERATYHRE, N
M2 = VE DR RS FH A E e ), (A h Tk
Nt A 305, AR S BB . [ . UIE, M
o SRR T B R A RSOR R

ARBFGERIL, TEH BUGIE &4 F T, Wi e
FRFEAR T4 /N i . AR WIHOR . A E A
JIRBER A 1, P AR X R SRR T R
JIE Ak it FH 2 e v BF it P B R A E T VR i 1
FFRAK, T H T B8 NH, 5 5 R B 25 i 2
FRg, FRAR TR A K & & A 3 SR A X 7% 4y
PIRER; , X AEF A RO F] . 5L A AR L, BEAE
U A S TR R 1A /INAE i . X KT T A
MRS R —30, MATA S AEmE R L, SRR
Jiti FH B {5 B it Ak L 194 7 A 7 e oA ) 4 it
AR BER B KA o 77 A s BB G A4 5 R T B I TR
RES A F I W o 1 oA, WO I, 1Y
ISR Ty, ARHEMR RIE T, B AR R
FEor G . WOBCRURTR 380 VR 0 i 4 3 g
PR SR WA, SRR AR L, BEAE
ok 5t P i TR AR v Tl R WSSO R e A 7 T
BV W 5% 26 WA o5 6 R =2 238 1 DA T JLASHLEE R 52 1
BER AR 1) BRI BT RES 5 B AR
BT Se WL BR AT, D - S Bl A B, TR
e SRR B T TS E S, D BEE +
Herp e, REEuEE S 2) g E S
BLZMHET i Ca®), HEmRS HhBHE 1%
YRR, RBUE RSB RN . MR, {2t T
RO - P EA R RV AR, IRl S R S H S T
AEfZ A B HA-2 8 -BERRER 4 50, il -39 h B Y
B, e A A,

AW KB, IR A5 i Bl A it
MRS, X 58 RE" . DRSO R LR —
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27 4

NO, 5 W T 38 V-4, RECER S B Rtk
W, B AR AR e A R IR E RO, 5+
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Fb, Ak R TRC it 8 TR 340 B 0% b 3 AR SR A
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FEAR 6 Na* . Clfrig . Fo 2R XA 4L i Js R T
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4 255
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