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Effects of different P applications on inorganic — P components in
irrigated sierozems under maize/ chickpea intercropping

CHAI Bo', LI Long*, YANG Si-cun'*, CHEN Ying', WANG Cheng-bao®, JIANG Wan-1i*
(1. College of Resources and Environmental Sciences, Gansu Agricultural University, Lanzhou, Gansu 730070, China;
2. College of Resources and Environmental Sciences, China Agricultural University , Beijing 100193, China;
3. Institute of Soil , Fertilizer and Water-saving Agriculture , Gansu Academy of Agricultural Sciences , Lanzhou, Gansu 730070, China)

Abstract: The dosage effects of phosphorous applications on yield of maize and chick-pea under mono-cropping and
intercropping systems were investigated using Jiang-Gu inorganic phosphorus fractionation method in irrigated sierozems in
Gansu Yellow River Irrigation District. The results showed that the contents of inorganic phosphorus were in the following
order: O— P> Cajg— P> Cag—P>Al-P>Fe—- P> Ca, — P. With the increased uses of phosphate fertilizer, the con-
tents of Ca, — P, Cag— P, Al-P, and Fe — P had increased significantly, whereas the contents of O — P and Ca;y — P
did not show apparent changes. The inorganic P contents looked similar between mono-cropped and intercropped chick-
peas, but lower in intercropped maize than mono-cropped one. Particularly, it was found that the Al - P at P40 level (P
application rate of 40 kg-hm~=?), Fe — P at PO (Without P application) level, and Ca;y — P at P80 level (P application
rate of 80 kg*hm™2) of intercropped maize were significantly lower than those of mono-cropped one.

Keywords: maize/chickpea intercropping; P application rate; inorganic — P component; irrigated sierozems; Gan-

su Yellow River Irrigation District
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i Cay — P & & RUEIE N, 73 042 %5 T 81% AN
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RIS 419% M 133% ;Fe — P i1 PO 3| P40 b
PSR K A BN, i P40 F1] P8O Ab B i
T30 — P35 5 e AN it il AR s S8 254K i A, (HLAE
P40 F1 P8O AbFEH O - P SR L E 25+, Cayp- P
B AR =R KT BN R A A AR A Al
e[ PR T - LR, Cay - P R T POLIG
F P40 4L B, Cag - P 751 T P40 [T P8O AL FH, Al - P
S P40 AL FEAHIE] , Fe — P& BALT PO ALFE, O -
Pl Cayo — P &I TCH Bk
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Table 1  Contents and proportions of inorganic P forms in chickpea monoculture soil under different P application rates
Ca, - P Cag - P Al-P Fe-P 0-P Cajp - P THLBE iP
j:igg E{ﬁ% =) =) =) =) =) =) =,
" KE wE O WA A =] A TH G Wl THE O s CE
Soil P rates Content Proportion ~ Content Proportion ~ Content Proportion ~ Content Proportion ~ Content Proportion ~ Content Proportion ~ Content
/(mgkg™) /% /(mgkg™') /% /(mgkg™') /% /(mgkg™') /% /(mgrkg™') /% /(mgkg™') /% /(mgrkg™!)
HfE PO 3.73b  0.65 63.99c¢ 11.09 35.42¢ 6.14 27.95b 4.85 220.47b 38.22 225.27a 39.05 576.83
J& 1 P40 6.76ab 1.00 88.34b 13.06 50.00b 7.39 30.52b  4.51 260.15a 38.45 240.77a 35.59 @ 676.54
M - chickpea P80 11.19a 1.51 110.26a 14.92 82.57a 11.17 37.93a 5.13 266.52a 36.07 230.5la 31.19 738.98

AR N PR ZE T IR B E K (P<0.05), N,

Note: Different small letters in the column means significant difference at 5% level. The same symbol is used for other tables.

2.2 BEEREZMGTHEBEXT T REESFIHE =R
A
H ¢ 2 AI, 5 PO AR FAH L, P40 F1 P8O Ab i v
Cay— P &R T 96% il 387% 5 Cag — P &5
IR T 39% M1 TA% 5 Al - P &0y B 73%
M 118% ;Fe — P & i /3 &5 T 26% F149% ;0 - P

il Cayg — P &8 AE = Fhigi K F 00 8 E 8k, 3
il - S [ B ok - HL A, Cay — P AR T PO,
T P40 AbH, Cag - P i s T P40 I T P8O 4
HLAL- P& i s T PO T P40 b3, Fe - P & iE
T PO KT P40 AbBH,0 - P Al Cayy - P ST
AR

®2 BEEXRFOHTERN LETNBASMSERNZM

Table 2 Contents and proportions of inorganic P forms in maize monoculture soil under different P application rates

Ca, - P Cag — P Al-P Fe-P 0-P Cajp - P

TeHLwE ip
Jita

i% IR G i/ o L gl ai 5t s Ll ai EL 4] o Ll G
Soil P rates  Content Proportion  Content Proportion ~ Content Proportion ~ Content Proportion ~ Content Proportion ~ Content Proportion ~ Content

/(mg'kg™") /% /(mgkg™') /% /(mgkg™') /% /(mgrkg™') /% /(mgikg™') /% /(mgkg™') /% /(mgkg™!)
L PO 3.73b  0.59 62.00c 9.77 34.2lc 5.39 26.14b 4.12 269.72a 42.51 238.68a 37.62  634.48
Fok P40 7.34b  1.04 86.36b 12.19 59.32b 8.38 32.94ab 4.65 285.33a 40.28 237.00a 33.46  708.29
M- maize P80  18.18a 2.48 108.04a 14.76 74.67a 10.2 38.98a 5.32 257.6la 35.18 234.70a 32.05  732.18
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OB 5 Fa 4 L 2R AU 821
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3| P40 ZbEEFE T 43% , B P40 | P8O Ab FEIE finAS

3% 5 PO ALFEAH HE , P40 1 PSO AL FHH Al - P &

S e 44% 1 108% ; Fe — P 1 PO 3| P40 Ab ¥R
BIINT 24% , 1 P40 3] PO 4 FH G i AR Ak O -
P Fll Cajo - P &7 =Pt K N ¥E & 21k,
FLAith 3R] [AI/E W O A, Cay - P S EEE T
PO fIX T P40 AL B, Cag — P 5T P40 IR P8O Ab
Al - P T PO KT P40 4bF , Fe - P AT PO AL
FH,0 - P HI Cay— P& EICH T,

x3 EEEHTHEBNEEE TIEFENBES NS EREHHN

Table 3 Contents and proportions of inorganic P forms in chickpea intercropping soil under different P application rates

Ca, - P

Cag — P Al-P

Fe-P 0-p Cayp - P Tk iP

R
féf KE AR WH &R W AR
01

R W R WA R W EE

P rates  Content Proportion  Content Proportion ~ Content Proportion ~ Content Proportion ~ Content Proportion ~ Content Proportion  Content

/mgkg™") /% /(mgkg™)) /% /(mgkg™') /% /(mgkg™)) /% /(mgkg™)) /% /(mgkg™') /% /(mgrkg™!)

3 PO 29lc 0.49 63.29b 10.67 35.42b 5.97 25.9b 4.38 235.24a 39.65 230.5la 38.85  593.36
R 1 P 6.53b 0.95 90.33a 13.09 51.10b 32.33a 4.69 273.58a 39.65 236.16a 34.22  690.03
In—chickpea P80 11.19a 1.55 101.75a 14.11 73.57a 10.20 34.60a 4.80 263.78a 36.58 236.16a 32.75 721.05

2.4 EXR/EEZTEELGTHEBENERLTETT
MBS A DTS BRI
M 4 AR TEVE SR T, oK R, 5
PO AL FAH L, P40 1 P8O AbFHH Ca, — P 7 it i 3
T AR E T 1229% fil 509% ; Cag — P 55 150 42
5 43% F1 64% ; Al - P Er 4y B4R 46% Fl 154%
Fe— P &3 B4 H0 T 49% 1 99% ;0 — P Hl Cayo —

P O A =R KO YR R A 2 AR A
AR AE Bk R HE, Cay — P & iE i T PO MK
T P40 4bFE, Cag — P 5 T P40 T P8O AL FH, Al - P
T P40 KT P8O AL FE, Fe - P HHEE T PO T
P40 40T, 0 - P &1 5 P40 A FRAHIL, Cayy — P & 12
JCHA Ak .

x4 EMEFH TR EXLIEFLINBES NS EERAM I

Table 4 Contents and proportions of inorganic P forms in maize intercropping soil under different P application rates

Ca, - P Cag — P Al-P Fe-P o-P Cajo— P

TEHL#E iP
" it

TE e AR we &R W &R W &R wH &R wel &R wEl &R
Soil P rates  Content Proportion — Content Proportion ~ Content Proportion ~ Content Proportion ~ Content Proportion  Content Proportion ~ Content

/(mg'kg™) /% /(mgkg™") /% /(mgkg™') /% /(mgkg™') /% /(mgrkg™) /% /(mgkg™!) /% /(mgrkg™!)
[BE{R PO 2.68b 0.46 59.91b 10.25 32.57¢ 5.57 20.85¢ 3.57 237.7la 40.69 230.5la 39.46  584.23
ES P40 5.94b 0.88 85.43a 12.58 47.59b 7.01 30.97b 4.56 273.58a 40.30 235.33a 34.67 678.84
In-maize P8O  16.32a 2.29 98.02a 13.74 82.57a 11.58 41.40a 5.81 249.38a 34.97 225.48a 31.62 713.17
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YRR 7.7%F1 10.9% , {0 2 AN B 35, W] REAE 5 R
I IAI/E X B 7 Cag — P AT AL - P BRI —
ENEUEEF ; Fe — PLO = P Al Cayo — P 1E = Fh 8K F
TR SRR S AR T 2
2.6 EX/EWEEXTERTIEGITHIBEE SRR
t3 6 AT LUE Y, 55 18 W SR 4R 1 oK £ 38y

W, Cay - P 7E PO, P40 Kz P8O Ab B v & 2 43 il LL £
YEAR 28. 15% . 19. 07% . 10. 23% ; Cag — P 43 4%
3.37% .1.08% .9.27% ; Al — P {E PO Fil P40 4k 3
EE AR 4.79% F1 19.77% 5 Fe — P 7E PO
1 P40 AbHE rp B 5 43l L BRAEAIR 20.24% F15.98 %
O - P 1£ PO, P40 K P80 4b B Hp & 1 43 Hi| Hb B AR AIG
11.87% 4.12% 1 3.19% ; Cayo — P 23 HEK 3.42% .
0.70% .3.93% . & P8O ALFRAY Al — P Fl Fe - P &
WS TR K, O AREE Y A L =
T A AR EERAE YRR O - P A Cayg
- P, Jf7E P40 LT Al - P, PO ALFH Fe — P F1 P8O 4k
HEY Cayo - P ALK E] i E KT,
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Table 5  Differences of inorganic P forms between intercropped and mono-cropped chickpeas
JtL 7K FivtE 5 =X
Ca, - P Cag - P - - - Cajp- P
P rates Planting methods & % Al-P Fe-P 0-p &0

- FLA/E Monoculture 3.73 a 63.99 a 35.42 a 27.95 a 220.47 a 225.27 a
[814F Intercropping 2.91 a 63.29 a 35.42 a 25.99 a 235.24 a 230.51 a

P40 HiAE Monoculture 6.76 a 88.34 a 50.00 a 30.52 a 260.15 a 240.77 a
[A14F Intercropping 6.53 a 90.33 a 51.10 a 32.33 a 273.58 a 236.16 a

P80 HAE Monoculture 11.19 a 110.26 a 82.57 a 37.93 a 266.52 a 230.51 a
[B14F Intercropping 11.19 a 101.75 a 73.57 a 34.60 a 263.78 a 236.16 a

F6 BESHMETERIELVNBSEINEE (mgkg™')
Table 6  Differences of inorganic P forms between intercropped and mono-cropped maize
Jit 7K it 5 =X
Ca, - P Cag - P - - - Cajg- P
P rates Planting methods & % Al-P Fe-P 0-p &0

- FLA/E Monoculture 3.73 a 62.00 a 34.21 a 26.14 a 269.72 a 238.68 a
[B14F Intercropping 2.68 a 59.91 a 32.57 a 20.85 b 237.71 a 230.51 a

P40 HAE Monoculture 7.34 a 86.36 a 59.32 a 32.94 a 285.33 a 237.00 a

[a] Intercropping 5.94 a 85.43 a 47.59 b 30.97 a 273.58 a 235.33 a

P80 HiAE Monoculture 18.18 a 108.04 a 74.67 a 38.98 a 257.61 a 234.70 a
[814F Intercropping 16.32 a 98.02 a 82.57 a 41.40 a 249.38 a 225.48 b

3 W B PUIE, Cayo — P BB KM B2 AR /N o ARG W] 45,
> o}

3.1 HEREXT TABEE S R R

W A O X H A 8 A S BT
B Tt o] (EE S+ RS IS 1Y Cay — PLCag
~ P Al- Pl Fe- P & BB Hm, H 3 £
Y Ca, — P.Cag — P Al - P DL S BRYS + 4 + A9 Fe -
P BRI 5 2 7K it 4% 12589 0 - P Al Cayg
- PEIRIR IR N 2 AN 3. DA B2 IR i
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B FR Y Cayo — P ISR EE . MHAE B3
Bt 5 B EL B, DA AE AL 3 B v (17.7% ) o DI K
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£ HBCE A A Y o UL T e R KR St A

Hi A2 E B AL 23 43P Cay - P.Cag - P AL - Pl Fe
— P& RER R I H O - P A Cayo — P A %
B 1 e A, 3 5 i A g A R — 0
3.2 [EMEXSTTHLEEE 5 B R0

Nelemans F1 Findehegg & Bl , 1R 28 73 W WO F715 R
FNPE SR & 25 ZE ( Brassica napus ) ReA SUF WD 11
(B A, PR AR AR T 4 W ) R LR (B 45 A7 4
R SRR JEFAIR , o — BN FREE) , AT AR
Pr L3R pH A, B4 I0XE IR S 0 35 1, 1T g vl 5
Fe Al Ca STE AW , T SE 24 25 - 58 # FlA I
ARAE T, 0 W B A DL UE H ke , 38 moxt -+ e xfe
VRASBRIRRIE 2 SRR, e AR A
B 3R B05 AR 2RSS ) , 32 S0 1 AR 73 B A
BRBR ISR IR A A PR , 1 L3 ) Ca - P IFAR K
W R A R AR R 2 AT kA A
WFFERM, 72 SR T FOK BoA B9k 1Y T 7 BE i RE
77, REfE 0 2 s BRALAR B , AT A 1) T wfe v v T 3k
TS AL RIS o AT, A SR R B Z AT HLIR
W REQE IEXE T LR 4 15 AL, BT P RP A ) B i 5 S
iy s S 5/ N MR A KB4 2, oz
UESE SRRV EY ] o, 23 AR 8 1 5 i VE 176 4k
B RERL o5 — MV E DI I, an/INA2 /1 5P B S2 TR
2P 0 W TR R fel - S ETR I Ca - P IR AL
Mk /N A7 PR R R EL AR /N B T A
Lindsay 8 4, #2 Br pH {8 X5 9 F1) F A 38 i )3 i
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SRR, pH HE T W T ) BE R AR A2, 7E —
SE VLAY 4% pH (A, H,PO, ~ Al HPO4? ~ J& + 1k
B F IR, 76 3 pH 7.2 VL BB, JE 2 T
B3 I G M B pH i B K B, AR R Wk
H,P0,~ 8%, ] Z Wt HPO42~ 4 £15) | Tiims e +
g g A A, R g S RPN & R B T
(Ca Mg, Al Fe) JE M MER PEBERR 0120 . MRBR pH {H
RIS, AT LA HEXES TR AL 55 1 (R A, B e 1Y
YA RCE . A RIS W] A (R B 4 38 v b5 ) %
WL Cay — P 7E W GAR 2843 10 19 8 LR 15 FL 1
R TGk — 23, 5 T F ORI, & JE 3K
FHAE LI, H52EEE e e 2SR BRI
PLIEARTR], I AR 2R 20 WA 1 A HL IR 76 R IR AR B
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