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Effects of different organic materials returning on crop yield
and phosphorus composition in irrigated desert soil
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Abstract: A long-term positioning experiment was carried out in Zhangye City, Gansu Province from 2011 to
2022. A total of 8 treatments were set up: no fertilizer control ( CK), conventional fertilizer application (NP),
70% conventional fertilizer application + cow manure (NF), 70% conventional fertilizer application + biogas resi-
due (ZZ), 70% conventional fertilizer application + sludge (WN), 70% conventional fertilizer application +
chicken manure (JF), 70% conventional fertilizer application + bacterial residue (JZ) and 70% conventional fer-
tilizer application + pig manure (ZF). The effects of six types of organic materials, used as substitutes for 30% of
the fertilizer, on crop yield and soil phosphorus composition were investigated. This study aims to provide a scientif-
ic basis for improving phosphorus utilization efficiency through the combined application of fertilizers and organic

materials. The results showed that the grain yield of WN, JF and ZF treatment increased by 7.0% ~9.4% compared
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with that of the NP treatment. The yield of corn treated with NF, ZZ, WN, JF, and ZF increased by 4.4% to 6.5%
compared to that treated with NP.The addition of organic materials significantly affected total phosphorus, available
phosphorus, inorganic phosphorus components and the proportion of available phosphorus and inorganic phosphorus
components in total phosphorus. Except biogas residue, the total phosphorus of the other 5 organic materials was in-
creased by 8.6% ~96.5% compared with that of the NP treatment. Compared with the NP treatment, the content of
available phosphorus and its proportion in total phosphorus increased by 107.6% ~480.1% and 78.9% ~226.3%,
respectively, among which ZF and JF had the highest increase. The ZF treatment exhibited the highest Ca,-P,
showing an increase of 1 144.9% compared to the NP treatment. Additionally, the proportion of Ca,—P in the or-
ganic material treatments increased by 60% to 568% relative to the NP treatment. Compared with the NP treatment,
the content of Cag—P in soil treated with ZF and JF increased by 207.6% and 199.1%, respectively. The proportion
of Cag—P in JF, JZ and ZF treatment increased by 29.7% ~60.9% compared with the NP treatment. The proportion
of Al-P in the NF, WN, JF and ZF treatments increased by 30.8% ~123.1% compared with the NP treatment. The
proportion of Fe—P in the WN treatment increased by 83.6% compared with the NP treatment. In summary, the
combined application of organic materials and fertilizer achieved the purpose of reducing fertilizer application and
increasing crop yield, and increased the contents of total phosphorus, available phosphorus, Ca,—P, Ca,—P, Al-P
and Fe—P in soil.

Keywords: organic materials; phosphorus component; wheat-maize rotation; long term positioning test; irri-

gated desert soil
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R A BT H M X R 4 ARl Bl 2 B i 5
(38°50" N,100°22" E) 5Zjiti,, iz X4k 1 570 m,
TRAW, BRE2Z K, HEBE R, F% L=
2 048 mm, 4E ¥ FEK & 127 mm, &4 B
TC A AT, 4FHBRIEC2 932~3 085 h,>10°C A RH
T 1 837~2 870°C , oG 153 d 247, il 2k
R HE A 9 I IR ATHE)Z (0~ 20 em) 13 pH
i 8.67, AHLIK9.4 ¢ - kg , 2% 1.0 g - kg™, 4
082 g ke, &8 222 ¢ ke, 22053 g -
kg™, A 68.31 mg - kg™, A RUHE 16.7 mg - kg,
PR 109.1 mg « kg™,

1.2 iRt
PR IBEPLIX i, e 8 N Ab PR, 435 A T

=1

JEXT R (CK) | H MU AL AE (NP) | 70% & KLt AL HE +
HFE(NF) [70% 5 FE AL IE + 78 i (Z27) [ 70%
JEALAE+5 U8 ( WN) | 70% i it AL AL + 39 3% (JF) |
70% 5 FUE LA + B 7 (JZ) T 70% & B0 hE £ I8 + 5%
F(ZF) 3 WEE ,/NXTHE AN 30 m* (5 mx6 m),
BEXEY RN (CBiEAR 2 57 ) FTLEK (CiRF 2
5) . CKAMHEREAL . NP AbBH /N 22 2000 i HH =
7120 kg - hm™> BEAE (P, 0,) Jiti &8 8 90 kg -
hm ™5 E K B H 4 180 kg - hm ™, BEAE (P,
O5) i 4 120 kg - hm ™, AS[EA PRS2 Y
AL &y NP AL BRIY 70% ; 4% A8 WL Rk B3 1) 4F
B HLURH AL, Y90 4 500 kg - hm ™, A HLERE
BAH s bEA PR & =i, A LR 2458 01
BIo O A s ILER 1, KR AE R IR E CO
(NH,) , FIB§ R — %% (NH, ) ,HPO, ; 75 J& K I T ik i
T H XI5 KAR BT, 3 & S0 Rk 1 150 1 B 3 1Y
DS A 1= B A B R R R e e B L = N o
AL FRHE AR 7 AR E 4R SRR 2 Fs,

HXARRENY ML EER R EFEAE

Table 1 Chemical properties and average application rates of different organic materials
AL ﬁfﬂl)ﬁ %’EL EXH Exii A %i’ﬁfﬁfﬂi
Organic material pH Organic m_alller Total nltr(i;]gen Total phosp_}?orus Total polas_sllum Average input iizmuunt
/(g kg) /(g kg) /(g kg) /(g kg) / (kg + hm™)
43§ Cattle manure 8.26 372.56 17.62 7.01 26.71 13001.17
IR Biogas residue 9.61 397.73 11.31 7.89 29.89 11964.26
1578 Sludge 7.41 283.66 16.16 11.62 17.66 16893.30
X33 Chicken manure 7.94 284.20 15.20 10.78 28.32 16981.64
8 Mushroom residue 7.90 312.20 6.12 6.41 19.10 14821.77
¥4 Pig manure 7.88 347.31 19.80 18.65 28.47 13769.17

%2 HRARENMHNELEER (ng- kg

Table 2 Heavy metal content of different organic materials

ﬁﬁ[‘%ﬂr . Cr Cu Zn Cd Pb
Organic material
4-2% Cattle manure  59.76  31.69  76.72 0.31 18.57
JH# Biogas residue  59.34  27.60  66.19 0.19 18.54
Y Chicken manure 92.46  84.65 319.56 0.28  23.98
i ) 4225 1930 44.88  0.17  20.16
Mushroom residue
¥ Pig manure  55.19  401.97 940.58 047  21.67
A ATV AR
< <3 <
NY 525-2021 150 3 30
759 Sludge 119.45 78.80 251.74 0.58  33.89
ISR <500 <500 <1200 <3 <300

National standard

1.3 HKEFEREE

I FE MERI K /N —/INEE - FOK B 2011 —
2013 4E 2015—2016 4F 2018—2019 4EF1 2021 4EF
Hi/NAZ 2014 4 2017 41 2020 4R £ oK, —4F
—#, /INET 3 AR AR, it 750 J1kL -
hm™ 4786 15 em,7 AUk, FKT 4 AR, %
FE 8 Jitk - hm™ 478 50 em, ¥RIE 25 em, 7 40,
10 AWk, TEPIGR)E BBk 20 em  ARFA L, FEFF
bR, ERELEFWHEKS~6 K, /NEHEK 3~4
IR, 45 AL HE K B VKBS TR (], 45 708 DX B Uk
K 5~6 m®  FEWEAE FH (BB VE S B it 5 22 b oK T A
W], AP A SRHEIX 3 A H L B 3 Wk, it
At 1 em i, A ALY AL AR #RVE AL , 3% A b 3%
it , AR5 BB, BIRHAREE 20 em, AT 5 16F
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R R Y AT /N DX e IR S R
AU S AFERL B A EAR T m® (U AE AR S
RAJE AN R 25 020 TF, BORLFR &, THRRF
K=k, FEARCRAE S IRIBERAE 0~20 em 4 )2 135
e IFE IZ 2 A E, 5 SRR )G
F B GE KAL X, TR I 2 mm JE B0 5 U
PR RS 3 0.3 mm e BT, 2 mm 3
R it FH 0 S 3 0 i 0 48 pH {E,0.3 mm £
HERE S I e 2 o0 75 1 e AR HAE
BT, WAE IR S (RSN T 2021 4F 7 HOREE
1.5 sk A&

R FH 0% Bl 32 0 22 + 3% 4 W% (total phosphorus,
TP) &M SR 0.5 mol - L' NaHCO, 3= 42, 4H %8
YU E TR 5 + HEA 5500 (Olsen—P) ' SRR 25
P D R R B R R & B AR, BAR TR
0.25 mol - L”' NaH, CO, 32 #2 B R — 45 ( Ca,-P) ,
1 mol - L7 NH,Ac {%%@i@ﬁ/\%@( Cag—=P),0.3 mol
- LR 4N -Na, S, 0, ~NaOH 32 2 P 25 A8 (0-
P),0.5 mol - L' H,SO,iZ W2 45 (Ca,,—P) ,0.1
mol -+ L”' NaOH—-Na, CO, 12 #£#k MR £h (Fe—P) ,0.5
mol - L' NH,F {Z 4245 MR (A1-P) s 6 ] pH 3
(K + =25 1) L5 pH {H, /NE  FORFEFF
FIURFRL B 2 00 5 SR FH AL 2 — LS /K B A5 T e —
L N R GRS VIERE
1.6 HIFETESLE
1.6.1 #¥#HFE  BEPHEITEAXY.

P.=P.-P,=(P+P,)-P, (1)

K, P BB T (kg - hm™) 5 PO BE SR A G
(kg - hm™) ;P MR 8545 & (kg - hm ™), EIAE

YIRS FEROFERL OB 5 5 PO AR ISR A (kg -
hm?) ; P A HUEBEE AR (kg - hm™?)
Vet bR AN

P, =W_xCP +W, xCP, (2)
Lo, WoRPEMIRSFE ™ i (kg - hm™) ; CP RAEYIF
FRBE S i (kg - hm ™) s W N AEYRFRLA: W) & (kg -
hm™?) ; CP R AESIFFRIRE & 1 (kg + hm ) ,
1.6.2 334 R Excel 2016 #E17 B2
KHH SPSS 19.0 3K F #4177 22 50 AL 2 & L
( Duncan 3% ) FUAH &% 4387, R Canoco 5 #4770
RO (RDA) .

2 R 55T

2.1 AREEHRAS IR 3T 75 7= B B 200

AN ML L X 71N 22 1 R K ORE AR = 2 (19 5% i)
SRV T AR 2, TR R R, AS R AR A
[i] 45 Ab PHL ™ A 52 IR A 1 AR A (B BE A L4 R
Jiti FH AR BIR (0 3 i, A 6] A ML At Ak 380 ] 11 2 55 320 ¥t
W1, BB/ INAZ 8 MR BR 2013 4F JZ b BHAL,
HAAEB & A HLE K NP AL EI/ N2 R 7 et 35 5
TXTHR ;2016 4F ZF AR FFFRL ™ 18 NP AbFHE i ik
L /N R R T (E AT, WN L JF R ZF &b
BH/NE = A NP AR F 3 34 9.4% . 7.0% F1 7.
2% ; [R)it ,NF . ZZ \WN JF Fll ZF 4b BN 7= 45 17
B (E 1), 3 AFREL ERAE G, ok
Farb A T, A DR B NP A B T Kb e 45
CK 4 & (A4 LY kb 25 1H) 22 5018 1 2 5 R
FORFFRL = FBIE T A, A HLAY R B K
BT NP &bFE, NF.ZZ WN JF Fl ZF kb3
FEIEAY NP AP 4.4% ~6.5% (] 2)

8000
7000} b 2 a, ,a
i aa 2b a a aabcE Ea T
© 6000k a O3 ab ab ab  apcabab g abe ;'Ea
o s & abfFh & abe B E
< 5000} JfF ] e ol B i i
=] & be [T i #
e L H i CEE A B
= 4000} 2 a7 B =
.g I
& 3000 dA ]
= 2000}
“L -]
Z 1000 f
2011 2012 2013 2015 2016
A0} Year
M CK BN;  ENF MEzz BWN O JF 0z 0 zF

AN FREF R AR E 7 P<0.05 K2R B E, FF,
Note: Different lowercase letters indicate significant differences among treatments at the P<0.05 level. Same as below.
1 AEFHY R RN E IR 280

Fig.1 Effects of different organic material treatments on wheat grain yield
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Fig.2 Effects of different organic material treatments on corn grain yield

xR3 AELEIEBRIBAENEHE/ (kg - hm™)
Table 3 Total input and removal amount of soil

phosphorus in different treatments

AR KR

P 4
ﬁ" . . Dyl
g BEA B GO Gy ey
Total Amount Amount .
Treatment . Total Surplus
input of wheat of corn
. . output
carried out  carried out
CK 0.0 195.5d 229.4h 424.9d  -424.9h
NP 1260.0 316.1abe 283.6a 599.7be¢  660.3g
NF 2170.3 316.7abe 295.9a 612.6abc 1557.7e
77 2009.9 308.7bc 299.3a 608.0abc  1401.9f
WN 2960.7 348.3a 298.3a 646.7ab  2314.0c
JF 3205.4 353.9a 300.4a 654.3a  2551.1b
1z 2295.8 290.2¢ 281.5a 571.6b  1724.2d
7F 4246.0 343.9ab 303.0a 646.9ab  3599.1a

T [RFAN [l NG SRR A RN 22 5 1. 3 (P<0.05) , R Al
Note ; Different lowercase letters in the same column indicate significant

differences among different treatments at P<0.05 level ,the same below.

x4 AEENYRLETESHBMEUBRE
Table 4  Effects of different organic material treatments on
the contents of total phosphorus and available phosphorus

in soil and their proportion to total phosphorus

o T pbiuds
Ab 3 N Ak L]
Total phosphorus Olsen-P R
Treatment /( ke ) /( ke ) Ratio of
me * ke me ke olsen—P to TP/ %
CK 1056.5+35.2¢ 10.3+1.6e 1.0f
NP 1106.0+48.8de 21.1+1.3d 1.9e
NF 1345.4+93.8¢ 83.0+10.3b 6.2a
77, 1210.1+68.2cde 46.7+4.8¢c 3.9d
WN 1772.3+200.8b 84.7+7.0b 4.8¢
JF 2173.1+173.2a 117.8+2.0a 5.4b
JZ 1303.8+55.4¢ 43.8+6.4c 3.4d
ZF 2121.1+96.0a 122.4+2.1a 5.8ab
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2.4 AEEVEAEY + T B 5 B0
- HETCHUBE 20 43 ¥ 16 VR AR B W] 4 R A o R
(Ca,—P) [FPEETEPEREIR (Cag—P Al-P Fe-P) ¥&
TEREIR (Cay—-P 0-P) , BUOKFE, TIETLHLBE S
7 A L RN R . P AR TE R R (Cag—P
Al-P Fe-P) > AEME IR (Ca,,—P . O-P) >4 W IR
(Ca,=P) . Bk ZZ 5h, HoR & A LY R AL B4 NP A
CK WFTF T+ Ca,—P Cag—P Al-P Fe-P
G TR (FRS) .
2.4.1  REVAAAL A B 5 LR A B AR (Ca,—P)
Y RS K6 AT, 6 R ML R B 4
Ca,—P & it SOH 5 2 Ll CKORT NP Ab i 1
., SANHEHLLEEE , ZF JF WN NF AbBE+3E Ca,-
P S E ST 22 M )7, Horp ZF A0 HE Ca,-P 5 i
5,558 CK FINP 43580 1 862.9% F1 1 144.9% , %4
BRI Ca,—P & i (5 28 L4 CK F NP Ab3H
A3 BIBEN 328.6% ~894.1% F1 60.0% ~568.0% .
242 REANA R LI P EFERBR
(Cag—P Al-P . Fe-P) 89 %% & 5 bk 77
A, Hgx 5 A HLY kB 43 Ca,-P 85K CK
FINP b 234 0, Forh ZF FJF A BB IR AR,

&5 NP AT BTN 207.6% 199.1% . 5 77 51, H:
A5 PR LY RE B HE Al-P F B 5 CK FI NP b
PG 35 48 0, WN Kb 34 0 5 K, 56 NP A B 0
256.9% , ANRIB WYX 1 Fe-P & =5
Al-P B R TA] A WN JF Fil ZF 4b 3 Fe-P % CK
FNP Ab B i 25 B WN A B8 0 % K & NP Ab
FRIEM 197.7% . M3 6 FILIE T, JF JZ F1 ZF Ab3E
Ca,—P (54 W LL ] %% NP Ak PR W 25 340 29.7% ~
60.9% ,JF Fll ZF 4bFH Ca,—P &4 5 28 L1 B 5
NF \WN JF F1 ZF 438 Al-P 55 5 2 )% NP
A AN 30.8% ~ 123.1% , WN b Al-P &
i A U d5 R s WN AR B Fe—P 255 7 i U142
NP AbF 5 360 83.6% ;6 FHA HLYRHAL B F  WN
fib B A 49 AR PE R U ( Cag—P (AL=P Fe—P) 54
W Lo de =i

2.4.3 REA A AL BT LA FER (Cay-
P.O-P)#5%mm S Al , 6 Fia ML R AL BE 4
1 Ca,,—P 0P & HEEE CK I NP AbHA R i,
HZERARE, &AL RSB 22 F oA 3,
BAHIEHE B S AEWEIR (Cayy—P L O-P) (542
W LL A4 CK AN NP ARFRISREAIR, ZF 1 JF A3 (5 [

R5 FREVNYHAES THBES IR/ (mg - k')

Table 5 Effects of different organic material treatments on inorganic phosphorus components

g ﬁ&ﬁﬁdﬁ EF‘%‘IEHH?WE (%Eﬁ'id?
Effective phosphorus Moderately active phosphorus Potential phosphorus
Treatment
Ca,-P Cag—P Al-P Fe-P Cay,—P 0-P
CK 17.5£1.9¢ 115.0£10.0¢ 40.5+2.51 61.2+4.1d 412.5+16.3a 16.5+3.3a
NP 27.6x1.7e 141.9+17.0c 71.9+5.9ef 73.5+£7.9d 463.5+£10.7a 13.3£0.7a
NF 121.3x15.1¢ 208.1+38.2b 108.3+20.7d 82.1+5.4¢d 409.2+£93.5a 15.8+4.3a
77 60.1x1.6d 149.5+7.3¢ 72.9+4.4ef 73.9+3.1d 407.0+64.8a 16.0+0.8a
WN 114.1£11.3¢ 244.4+28.7b 256.6+38.0a 218.8+46.4a 442.7+38.6a 13.6x1.3a
JF 261.0+11.6b 424.5+45 4a 215.7+20.4b 133.1+9.3b 442.2+42 .6a 16.7+3.3a
1z 52.7+8.7d 217.2£21.5b 87.4+5.9de 82.1+6.5¢d 448.0+6.0a 14.4x£1.9a
ZF 344.4+13.2a 436.6+51.0a 180.6+22.3¢ 109.2+3.0bc 412.8+18.9a 16.4+5.3a

7 :Ca,—P Cag—P Al-P Fe-P Ca,,—P Fl O-P 2}l /R 468 \A55E A0m 2o Hss iS5, T,

Note: Ca,—P, Cag—P, Al-P, Fe-P, Ca;,—P, and O-P represent, calcium diphosphate, calcium octaphosphate, aluminum phosphate, iron phos-

phate, calcium pentaphosphate, and occluded phosphate, respectively. The same below.

&6 FREBNYHALETHBEES & £BELGIaRm,/ %

Table 6 Effects of different organic material treatments on the proportion of inorganic phosphorus in total phosphorus

e AR P ARSI TEBRIE
Effective phosphorus Moderately active phosphorus Potential phosphorus
Treatment
Ca,-P Cag—P Al-P Fe-P Cay—P 0-p
CK 1.7+0.1g 10.9+0.8¢ 3.8+0.1e 5.8+0.2b 39.0+1.3ab 1.6+0.3a
NP 2.5+0.3g 12.8+1.3¢d 6.5+0.6d 6.7+0.9b 41.9+1.2a 1.2+0.0ab
NF 9.0+0.5¢ 15.4+1.9bc 8.0+1.0c 6.1+0.5b 30.8+8.6¢d 1.2+0.4ab
77 5.0+0.2e 12.4£0.6¢d 6.0+0.3d 6.1+0.1b 33.7+6.0bc 1.3+0.1ab
WN 6.4+0.2d 13.8+0.9bed 14.5+1.3a 12.3x1.6a 25.3+4.8de 0.8+0.0¢
JF 12.1+1.1b 19.7+3.4a 9.9+0.8b 6.1+0.9b 20.3+1.0e 0.8+0.1¢
1Z 4.0+0.5f 16.6+1.2b 6.7+0.2d 6.3+0.5b 34.4+1.3abc 1.1+0.2be
ZF 16.2+0.4a 20.6+1.8a 8.5+0.7¢ 5.2+0.4b 19.5+1.6e 0.8+0.3¢
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Fig.3 Relationship between soil inorganic phosphorus components and wheat yield
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Fig.4 Relationship between soil inorganic phosphorus components and corn yield
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Fig.7 RDA sequence diagram of soil available phosphorus content and inorganic phosphorus components
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