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Spectroscopy and Spectral Analysis
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1.1 HRARE

A5 A VR W R R A b AR K A b S 5 i (R
2 116°11", 464 410°08") . % Hb )& T iR A% KBl T KU+ 4F
TR 12.5 C, 4R FEK & 629 mm, 76 HHERW L7 1
cm bEIFE, SRAIRE KK INE . KFEL MR, KEATEAE
M AR, AR AR 2 S BUREJEIR A, Ui, 60 CF

PET, $ 25 BSR4 R
1.2 it 45 4

FORVEYER AL B A NS 1 2 mm G . &k HNO; 3
filet L DAFLRHE G S B TR T R STO6IE L (ICP-OES, Ag-
ilent 5110) 1 5 & .

T 6 4R 52 56 A 32 B2 B/ Cade-Menun 1 Preston™* 4k
FETTIE: A RIFRER 0.5 g FlFHE A & 2.0 g oAb 1R R 2
¥, PL40 mL 0.25 mol + L' NaOH + 0.05 mol « L
Na, EDTA $#2 B Ik % . SEWORE O 5. B 1 mL FiE WU
ICP-OES il ¢ B & . TR LEWRR R T8 B ERET
FERR WS 51, 2 Bl A 1.2 mL 8% K. 0.6 mL K
(D,0), 1.2 mL. NaOH-EDTA ¥ # &% 0.6 mL 10 mol « ™!
NaOH, #iEHk & e mh i E i, B0 K EERER 2 10
mm @A . Y P-NMR 3 T o [ Ol B 22 Be Aol 7 58 5
P RESE R SR 98 I AR B0 B8 A WG A 25 4 43 A S 3 =, L 500
MHz #8 5 4% W% 3 3% { (BRUKER ASCEND) % 4 NMR %,
kb 90°, SRAEWFA] 1 s, fEFFLER 50 s, WERE 20 'C. H
2 500~3 500 . DAL ER . MIBR « o B B-H I Wl R A
AR . fb 220088 (ppm) B 1R 85 %6 1Y IE B BR » % %8 AR i
T P IEBERR R AL = AR D 6 ppm, L NUTS 344 %) 2% B B
AT E R

2 #ZRHHE

2.1 EYRELSHEE

Ji A B PR B AR BB B AR > e > 2
(Do —BAEAED A, B BRSNS T
BN, MBS RERNRS TN EES, Bk,
KFRAY 16 B0 M b 38 1 9 3% #E 8 B DL ZE MRS A O & (>
60%0), At —MAL 102 247 UNFE W 3k 20% ~40%), b
Fi R — AT 500 . E 7R A i R 45 KRR I B g el
BEfm ). E A R ME R 1 S B B, FRAE A S BN B
BT F R A 2R

K1 HREMERESHSE (g kg™ )"

Table 1 Total phosphorus in the studied crop residues (g + kg™')*
ESP N N N PN 1k i3
S 1.724+0.01 b 0.48=+0.02 d 1.644+0.07 b 2.527+0.07 a 1.4940.02 ¢ 2.58+0.02 a
B - 2.2340.06 d 2.4440.07 ¢ 3.8540.02 a 1.7240.08 e 3.4740.00 b
Fh 7 2.75+0.16 d 7.75+0.82 a 3.06+£0.10d 6.50+0.10 b 4.45+0.07 ¢ —

T AT R TRZING 8 23 550 3 78 b B A) 22 57t ik 3 35 K SF- (p<<0. 05)

Note: * Values within a line that have different letters indicate a significant difference between treatments (p<Z0.05)

2.2 EPRERSTES

o 255 A T A TS VA -3 1 A% i G R B R S BLRE R B A
TIEBASFIERRFTIE . NaOH-EDTA X s 1 9 5% 75 2
MR Ry 73% ~139% , 1y 105% (3% 2), 5 3C kit A
—E, R R IR A D P-NMR A A 2 3 AF st R 5
B TE A

AR T P-NMR s i 3] /) JC 1 8% b & 90 6L 35 IF 8% iR
6 ppm), BRI (—4.3 ppm), =R (= HIE,
—4.0, —4.1, —4.2 ppm), H LB A 6L F5 I 05 R R
(5.9~2.5 ppm) ., [EWER _HE(2.5~—2.0 ppm, [F 1, £
2), FERHKEY MRS SE T, TE R A R i 32 R LB
A, K25 NaOH-EDTA 0 48 B 9 49.3% ~72.1%,
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WA DR =BEIRE (<3 7Y% MERIREL (<3.7%); 1
ER R, EBFRRAER P AR N EEB A (48.5% ~
82.9%, £ 2), MHMMREEMETHFESSsETES TR

AMET 10% . SUNEREHE S F A 17. 2% . L EAEYsE
PR B B £ EREIE S 50 A0 RRAE 5 DUAE R e 45 AL 0

x2 HiX1EWHEFE NaOH-EDTA 1RERE R B M4 (%)
Table 2 Phosphorus forms in NaOH-EDTA extraction in the studied crop residues (%)
o T B
pa B . TE BRI ERBR B REEWE  RERW
yro " Phyt  «Gl 3Gl AMP Mon2 DNA  OthD  BMR¥AR IE B AR
EUS
Tk 111 71.7 0 2.2 4.5 4.5 6.7 3.7 4.5 1.5 0.7 9 17.1
INFE 91 69. 1 1.5 0 8.8 7.3 7.3 2.2 2.2 0.8 0.8 11 18.4
KEG 104 68. 4 0.8 0 7.7 6.2 6.9 4.6 3.8 0.8 0.8 11.5 19.3
K& 100 62.3 0 2.3 7.5 9.0 9.0 4.5 3.8 0.8 0.8 11.3 24.1
T 84 49.3 0 3.7 6.0 11.9 11.2 6.7 7.5 2.2 1.5 13.5 33.5
e 113 64.5 0 0.8 6.3 8.7 8.7 3.9 4.7 1.6 0.8 11 23.7
Bt
N 128 64.3 3.7 0 17. 2 2.2 3.0 1.5 6.0 0.7 1.4 23.2 8.8
K 85 65.0 0.7 0 7.5 5.2 8.2 6.0 5.2 1.5 0.7 12.7 21.6
K5 115 72.1 1.5 0 9.0 3.8 5.3 4.5 3.0 0.8 0 12 14.4
piRas 73 68.0 0.7 0 6.7 6.7 7.5 3.7 6.0 0.7 0 12.7 18. 6
ke 106 64. 2 2.4 0 4.0 6.3 9.5 5.6 4.8 1.6 1.6 8.8 24.6
7
ok 139 6.7 0 0 82.9 3.7 3.7 3.0 0 0 0 82.9 10. 4
INFE 128 32.6 4.5 0 48.5 2.3 1.5 1.5 9.1 0 0 57.6 5.3
KA 82 3.8 0 0 80. 8 4.6 6.2 4.6 0 0 0 80. 8 15. 4
K5 111 8.5 0 0 73. 8 5.4 7.7 4.6 0 0 0 73.8 17.7
w111 14.7 0 0 74. 4 3.1 3.1 4.7 0 0 0 74. 4 10.9

[E: * Orth, IEBFEREL; Pyro, SEBEIREL; TriP, =R EER4L; * Phyt, MR,

WEHS 2, DNA, BABBEZER: OthD, IF#RR 88 /5 % & 45
Note: ® Orth, orthophosphate; Pyro, pyrophosphate; TriP, tripolyphosphate; * Phyt, phytate, «/B-Gl, «/B-glycerophosphate, AMP. adenosine

o/B-Gls o/ H il BEEREE » AMP, HAZH B, Mon2, 1FBilR s h 1%

monophosphate, Mon2, the unidentified orthophosphate monoesters, DNA, deoxyribonucleic acid; OthD, the unidentified orthophosphate

diesters
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Fig. 1 Solution *' P-NMR spectra of the studied crop residues

AR T a3 3 AL 2) o Tl R P G v mT U o R

o BHHBERREL . AT RIMA A . WA 2 PR, L
B PR S 3-H i B R 3R 008 (~4. 5 ppm) dl AT, AN
VA IR 52 30 7 F AN e T SR I8 9 2 A0 B ME DL A KRR
Br o BEAL . HoAd R 1 EBERR H0 R H R Mon2, b=
FEAE 6~3.5 ppm Z A, W RE A H AU UURE R IR AL . 0 R
Bl 28 B I i R G A A A = T o TR R e P RT R
ARBEAZ TR (DNA, —0.5 ppm, & 1, HIEBR BN
BIEE . BTV P-NMR 4 Hr i #2 h iy s pH & g e 55
7 SRVIR ) T 1 B/ 0 N B o E O 7 B 07
JI 0 8 A% 7 . T SRR R R X A% TR (RNAD 1 P A 7
Wt B AR B 9 AE I A DL SR AR R 0 AR
BEIR W h HEAT T AL IE . AR S 1R 2R A BT Y I 8 R AR
FHAYE RN 9% ~13.5%, IERMR _ERHE &l 17. 1% ~
33.5% . MFAFEM T, KIEJEVEY I 1B R SR ER T 4 & it
H8.8%~23.2%, IEWERR IR E /At 8.8% ~24.6%,
Toft - D00 L 1 W R BRLPG hy (57, 60 ~82.9%6)

P B ZE b b, RIS IE#E R ZERfE R FAED e
Sy SRR T IEBE R AER . 45T IR R AR TR 09 A W TT R A
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Molecular Characterization of Phosphorus in Typical Crop Residues
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Abstract The returning of crop residues to agricultural soils are of great significance to the development of Green Agriculture
and soil fertility improvement. In China, there are various types of crop residues with high abundance. It is essential to
characterize phosphorus (P) speciation in typical crop residues to predict the crop availability after returning them to the
agricultural fields. To date, liquid-phase phosphorus-31 nuclear magnetic resonance (*' P-NMR) spectroscopy is a state-of-the-
art technique for characterizing P species at the molecular level. However, there were limited investigations on the
characterization of P speciation in crop residuals by * P-NMR spectroscopy. Moreover, spectral peaks of different P forms,
generally assigned based on the published literature, were significantly affected by sample properties (i. e pH) . which resulted in
large uncertainty and limited P forms to be identified. Therefore, with spiking experiments, this study used * P-NMR
spectroscopy to characterize molecular P species in different parts (straw, chaff and seed) of the typical crops, including corn,
wheat, rice, cotton, soybean and peanut. The results showed that the total P content in all investigated crop residues was seed
> chaff > straw. NaOH-EDTA extractable P ranged from 73% to 139% of total P, with an average value of 105%. Based on
the spiking experiments, inorganic P forms (orthophosphate, pyrophosphate, tripolyphosphate) and organic P forms (phytate,
o and B-glycerophosphate, adenosine monophosphate) were detected in the investigated samples. Additionally, as one type of
orthophosphate diesters, deoxyribonucleic acid was first detected in this study. In all investigated straw and chaff samples, the
major P species were orthophosphates, comprising 49. 3% ~71.6% of the NaOH-EDTA extracted P, while P in the seeds was
mainly phytate (48. 5% ~82.9%). With correction for diester degradation, orthophosphate diester (17. 1% ~33.5%) was more
than orthophosphate monoester (9% ~ 13.5%) in crop straw samples. In contrast, the orthophosphate monoester and
orthophosphate diester percentages in chaff samples were 8. 8% ~23.2% and 8. 8% ~24. 6% respectively, and orthophosphate
monoester was the main component in seed samples (57. 6% ~82. 9% ). It showed that the investigated crop residues, especially
straw, probably release orthophosphate and orthophosphate diesters as labile P forms for subsequent crop uptake after returning
to the soil. These results provide a significant scientific basis for crop residue returning and P fertilization management in

agricultural lands.
Keywords Phosphorus; Molecular speciation; Solution P-31 NMR; Crop residues
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