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Effects of nitrogen and phosphorus uptake by rice planting with dairy manure and fertilizer applied
together in a pot experiment

WANG Chun—xue"?, SHU Zheng—wen', LI Min', LI Yuan", CHEN Jian—jun', ZU Yan—qun', WANG Zhao', ZHANG Ke—qiang’

(1.College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2.Institute of Tropical Eco—Agricul-
ture Science, Yunnan Academy of Agricultural Sciences, Yuanmou 651300, China; 3.Dali Experimental Station of Agro—Environmental
Protection Institute, MOA, Dali 671004, China)

Abstract: In order to study the role of rice as a wetland plant in preventing non—point source pollution, four fertilization treatments were set
up in a potted experiment [which were 100% chemical fertilizer (100%F ), 70% chemical fertilizer + 30% dairy manure (70%F+30%M ),
50% chemical fertilizer + 50% dairy manure (50%F+50%M ), 30% chemical fertilizer + 70% dairy manure (30%¥F+70%M )], and in each
fertilization treatment, rice planting and non-rice planting (UN) were set respectively in this study were used to investigate the absorption
of carbon (C), nitrogen (N ), and phosphorus (P) from the whole system by rice planting. The results showed that rice cultivation could re-
duce the pH, chemical oxygen demand (COD ), total phosphorus (TP), and total nitrogen (TN) concentrations of basin surface water, espe-
cially under the 70%F+30%M treatment. Rice had the most significant effects on reducing the COD, TP, and TN. Compared with non-rice,
COD, TP, and TN were reduced by 58.16%, 65.50%, and 72.92%, respectively, under rice planting conditions. P content of grain, stems
and leaves of rice with 100% F was the highest. The N content of each part of the 70%F +30%M treatment plants was the highest. The P
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content of each part of the 50%F+50%M treatment plants was the highest. The seed grain N content of the 30%F+70%M treatment was the

highest, whereas the P content of stems and leaves was the highest. Therefore, under the condition of the use of fresh dairy manure use with

chemical fertilizer, rice plantings could significantly reduce the pH, COD, TP, TN of basin surface water, and stability of soil TN content,

while at the same time increasing the N and P content in rice plants. The water treatment capacity and N content of rice were the best under

the 70%F+30%M treatment.

Keywords : rice; nitrogen; phosphorus; fresh dairy manure; soil; water of pot

FRAE R Mo 24) , e & —Fh N T4, B B
YA R FH 550 M %) R AE AR AR, 2K AR A B R
X NP A B 1 R 0T AT SRR AR A H HE K R A
N.PJRARM, N T8 e AR 3R 2k 7T 45 i )
BF A A4 08 T K T RRHE AT
TEEER RGNS YIRE, JCHXAAA P B SME N PR
T U A% SR B A R M B T 4N NP S Y
T ORI G IR, A A B R
FAAE H b, AR A L0 T RER. SR, AR
PRSI R A EE— B LGB SR AP RRE  EL WZ
AT HSE b 8 A= 25 T RE , AN A B it AR ANV E S 30T
e FH HE 7K B A A b 1T RS YR i = BRI 2 — 3
F Uk, WS REAE 7 40 A F RS HH A3 Hh o) RE K e Bl
AR Ty R R K e NEREE f7 5 i 45
D5 R AE T EAE o TR E KRR AR, HR R 1A
T 2RI 18%~19% , KAF A7 Ji = BR e 0, 40 /5
27%~28%"", T A% , R RKZ LS 5, 5
FH 2t A ) 4% % N P AR K B T i A Bk 5 5|
AR T R Y5 G, T K A KU TR], K R NP RY
e SRR g i R T, A R SO g R
HH TR ZK XA 37K NP B BT R 2853501 R 73% 1 82% , K]
I, BF5Y FHTATZK N P e B 6 428 il T Y 75 e LA E 2

6 1 FH 7K e FH A T80 3 20 S BE B9 TR B, R ARG AR AR
4] ofF Dt AR K e A 1 V5 % ) B R 42
T B b RS A2 4t A 109 , (E AR AE s 42
SRR 137, Hegeit, FEKAS N P AL A F)
FH A3 B R 27.1% F113.7% , N P F % 26 & 1 54
RS REH A AN PIE Y S KRR EE B
AFJE KR, S HOKPREE s T R, B i iAol i
D YL T Aok B — A N [ A 2 i s A
JFei T R IR N 22— R, TR SR S IR R
B, EEMRlEEE JEBENEK., —hm, 5 8%
ST E IR TS YL I8, 55— T, B & 28] LIFE
M A S NE T AR IR g By 1k AR A | AR
Pyl R A e gl A ALYRE A T IR AL A

AR R, A IE S e B T LR AE 4 7 ik, SCRT LA
FETTH I3 it AT AILIE E 28 1 T S R N Y —
Fift HR TR ATCHUIE B T B, 172 SR 2
AEREA HLAE B 7T LA A AE By s R0 A HILAE
ANE B AR A AE RS D AR = 3 7= A4 [ e, B
R S S A A HLICHLIE B i i BE %
S v HEH A M P 3 sl A AR HE A HIL R 10 9 B 35 95
el it FH A HLAE A S i A E B8 A S M 1 40
IR AEOR T B, E 2458 7RO i
FEo NI, # & 28 s IR 1 o i R X TR
b AR PR AT B

ROE SRR EIBBERIN R S ID N e R E LR e
P, AT 1 G, AR KR T 4K |
b C N PRYSZIR , LK OK RS A B i AP S A
P IR VAT % B AR, o -5 214 b M) A P i 37 40
2 el AR it P R AR AL T 5 e R LA

1 #MEETE

1.1 X3 XL

RIS XA T2 A KRB PR A 6 N AW A A
PRI R B 25 A S v (N2 25°507 017, E: 100°07
42" MR 21 974.49 m) o 2% X G BHFAR 26 B = Dt
Z AL AR RIR 151 CL, A ASES AR
8.8 C, M~ 20.1 C. FTH M R 230d, TiRZE
A3 W R EAE T S—10 H AE PR 20 1 078.9
mm , I H N 136 do A GARIR6 1E 5250 3 1Y ]
BT PN EEAT , I T 0 ' BT ] 0k A DT, o A R B b ofF
RIS SR K H
1.2 it 1%

AR 1 R S IR U Y KA HH 0~40 em BYZKFE £
BTN 1 PR R AR 1 em BT, A
TR P T IA 3 EORBHZRM 1 d, FE R,
FE IS KN 18.69%+0.79% .

1.3 RIG4bIE
RIS B 4t AR B, 2 v Ak BE (b ok e Fn



1580

URIEIRCX ity S 3855 TH

AFOKFE) 3 8 ASAE B, 435102 : 100% TR NEFhAE K A5
(100%F) ; 70% AN +30% fif 2 2 Ff 4l 7K A8 (70%F +
30%M) ; 50% K NE +50% fif 2 2 Fp A 7K 7 (50%F +
50%M) ; 30% 1k E +70% fif 2F 2% Fh Al K A% (30%F +
70%M) ; 100% 1£ JE A Fh K # (100%F -UN) 5 70% 4k
HE +30% fif - 26 A Fh K FE (70%F+30%M-UN) 5 509% 1k
JIE+50% ficf 4~ 2 A Fh K R (50%F+50%M-UN ) ;30% 1k,
NE+70% i 4= 2 A P K FE (30%F+70%M-UN) o X35
i FRALAE J R 22 (N, 46.4%) LRSS (P,0s, 16%) |
TREREH (Ko0,50% ) 5 8 I 2 25 0 24 5 4 S 1 ff 24
25, W B A 26 B RN 2 N:0.490 1%+
0.049 3%, 4> P:0.191 2%+0.010 1%, 4> K:0.103 9%=
0.022 9%, 5 K 5N 78.20%+2.66% ., - ZE3B 4y AR
ARNE , HEA T R AR, Bl I R B A 24 e T R A 1
o JERMNJEIE BEAE FEAL 3 WKEA 4 b H
firf 2p 2 3k IR A AN R B AR S IS — IR PR
PREAE 100%F 403 P34 43 1 3 403, 43 3 KTt 7E
FLA 34~ b B Y- 25 43 B 47, AR A B AR RELIES R Uk

I ZR AR AR T B A2 N 35 em AR B
030 em A5 31 em, BEAR%E 1220 kg BRI AL
PRI E 6 7, B2 7 IOKRS , B DA 3 Bk, K Fed i b oy
“ZOME 257 FE LI U E A TR AR B AR bR
N (10£2) em, 7E/KFEFIAE AT , S0RH Hh i + 38
TrHE K 24 hARER SR I it ARG B (22406 , Ak 7k
FELIT o RS FH 24 1 I FH K (RIS 11 K
HFF 8 L3R 3, B H A BHARF K AL S em, FE RN
Je KA 2T
1.4 HmHIRE

KFEF20174E 6 1 4 HAEFL, 20174£9 J1 13 Hilk
PORAE . Hop KRR AR R S R IR R AR AR — B U
VRS o0 TF 45 5B 40 04 7 6k o A Bk, T ARAS o3 it
R REIR WD R R R DT = - = <t e
Y ad i, AT NP R E o RRRAE SR A TS K R FE
PRJG , FEK ARG R R 19 50 R4 A SRR & K
FEMR X, TRBE K 0~10 em, B R A — > L3RRS,
iy SR S KR I o KRR KRR IOR AT 1 d R

T o BEEMEAL AN 2 s . 8, MBS B AR R W LN R 2L ERK, A

F1 il ES=E
Table 1 Soil background value

I AL A B 2 ps¥T bu ¢ Exil A
II—)I o Organic matter/  Total nitrogen/  Available nitrogen/  Total phosphorus/ Rapid available Total potassium/ Available
pitvatue g kg g kg™ mg- kg™ g kg phosphorus/mg-kg™ g kg potassium/mg - kg™’
7.88+0.13 24.38+2.24 1.01+0.09 83.57+8.11 0.56+0.06 54.10+5.43 22.21+0.53 40.23+3.60
R2 BRAKEEE (&)
Table 2 Total amount of fertilizer per pot(g-pot™)
N b i R4 fif 2 3% SZ PR DA SZ B ) LT e
SN R SRR oty BEpe EEREAREE  SEREARERE
o Potassium Fresh dairy ~ The total nitrogen ~ The total phosphorus
Fertilization treatment Urea  Superphosphate . . TN/TP
sulphate manure actually applied actually applied
100%F & 100%¥F-UN 3.32 4.03 1.12 0 1.54 0.28 5.47
70%¥+30%M & 70%F+30%M-UN  2.32 4.03 1.12 94.22 1.54 0.46 3.34
50%¥F+50%M & 50%F+50%M-UN 1.66 4.03 1.12 157.03 1.54 0.58 2.65
30%F+70%M & 30%F+70%M-UN  0.10 4.03 1.12 219.84 1.54 0.70 2.19

T AP SE PR A B SRR PRER th i SRS B AR S AU R, B A B SRR — 3R, FUR IR ZRIAR 2SI FL AN IR . P T Ay
WAL BEE — B0, B LIRS A 2SR AC LRI, SE PRI A 8 S Bt 2Bz 54 , B U Bl 2 eI

Note: Total nitrogen actually applied into the basin is the sum of total nitrogen in urea and total nitrogen in fresh dairy manure. The total nitrogen
quantity set for each treatment is the same, but the proportion of urea and dairy manure is different. Because of the consistent setting of phosphorus fertilizer
applied, as the proportion of dairy manure replacement increased, the actual total phosphorus applied increased and total nitrogen / total phosphorus

decreased.
=3 EBAKKRIFE
Table 3 Characteristics of irrigation water quality
pH{EpH value fb s A COD/mg-L’1 A TN/mg- L™ B Tl:'/mg-L’I AR NO}—N/mg-H1 HAAER NH}—N/mg-L’1
8.19+0.03 10.96+3.06 0.67+0.08 0.15+0.01 0.39+0.05 0.31+0.05
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Figure 1 Characteristics of basin water in ripening stage of rice



1582

URIEIRCX ity S 3855 TH

PRI 50 F TRT 7K pH (i B A 2 238 X0 A 38 i i %
5, TR K R, 4 it AT Ak B %) 235 1K pH (E ) 2
AR, Z 1R K B pH B AR AL U8 B KA Al 2 80T
KRB R . BB & 1C 1D 2051 A 4316 7K COD |
TP TN $#1E , 76 TCK R FIAE 4G LT, 70%F+30%M -
UN /19 COD TP TN ¢ & 34 il 2 v T HoAth 3 4~ 40 3, 17
PR /K ARG DL, 4 Rl AT A B8 237 1T 7K A8 3 4 FR AR AR
B BRI, 251 7K COD ¥R FETE 100%F . 70%F+30%M .
50%F+50%M .30%F+70%M &b 38T | Flit K &5 5 Jo K
Fed P FE A EE 20 B REAR T 27.66% . 58.16%  24% Fil
46.47% ; TP W % 73 5 N % T 41.83% .72.92% .51.90%
1 53.20%; TN ¥ FE 53 3 B K T 42.89% . 65.50% .
38.01% H153.06% . X i B 70%F+30%M Ak P11 7K A5
X F 4T K COD TP TN [ 4N RE 1 ¥ 8 i
2.2 Z@EAKC.N.PEKLEFIXRTH

FLIAZK A C NP 2Z [A] B H A1 56 R 02 /K AR v ) g
AP REVE 25 A ) T EL 2 R 2 . &1 2A S COD/
TN, A & AT AR AR K 8 J5 B9 COD/TN & F Jo KRG Fh
AR FE 3158 B KR B4 R E 0% 2 2 B AIK A T K Y
COD/TN. & 2B & TN/TP, i AR AE 2 75 i A AR ]
HRVEAT 5. 25 5, T 1009%F Ab BEIG16 2 75 ok /K A
B 2w T A 3 AR AR AR B . 156 BH K RS R X
17 7K TN/TP A 50(E B A 8 2 52 ), T 24 2500 A A
T 240 P REK A1 7K TN/TP () 3 B8 00 K %
[l 2C 2 COD/TP, FlE 7K A5 40 L COD/TP #B i 2 /&
T AR KRG AL 38, 17 1009%F &b P 2 2 2% w5 T HAth
JUAS AR 3 315 BH K R AR BB 6% T R A T K Y
COD/TP [ , iti A 2 2 AT DL 25 [ A0 425 18T 7K 1Y)
COD/TP, Xt & i T4 N AV T, 4 26 19t
AHAT ZRHIP,
2.3 JKFEAK FAHA L R4S

FH 1358 pH (B (&1 3A) AT 1, 100%F-UN {2 3 & T
100%F , /K FFiAe 5 JCoK FF AR AR L, 1009%F 1 1- 3
pHEREAR T 3.47%. 1 HAth 3 4> it JIES Ak 2 i 7K A
SRR R A 25 22 5 X U BH 2 fR AT it
FH I JC /K R R 0 17 O 358 1% pH (B AT DL 3 4
15, 3X AT BB S FH TR 3R 43 B e A R /KA pH A
e AT P AR A Ol AT (R 3B) , Teie R
FKRG 5, 398 ML 3 AR B A 24 2 it o 1 34
T, 100%F FAE KR G 3 A PR & 220
F T AR KA, i H At 3 il AE Ak B R K 5
AN EA W X ULHITEA 2R 28U
1 W N0 e w2 W 0B 2925 7 N N 15 T

30%F+70%M-UN . c A
50%F+50%M-UN ] be
70%F+30%M-UN|____ —F—e
1009%F-UN —F——¢
30%F+70%M —F—be
50%F+50%M ——f——ab
709%F+30%M ——F——abe
100%F —F—a
0 12 14 16 18 20 2 24
COD/TN

30%F+70%M-UN[ i he B
509%F+50%M-UN| e
70%F+30%M-UN| e
100%F-UN
30%F+70%M E— be
SO%F+S0%M [ he
70%F+30%M E b

100%F

30%F+70%M-UN 3—' d (0
50%F+50%M-UN H—‘ d

70%F+30%M-UN
100%F-UN
30%¥F+70%M

70%F+30%M 3—< ¢

100%F + a

100 150 200 250
COD/TP
2 KFERE K COD/TN TN/TP .COD/TP B & R LL &
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Figure 3 Soil TN, TP,OM and pH value characteristics of rice in ripening stage
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Figure 4 The OM/TN,TN/TP and OM/TP of soil
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Table 4 Nitrogen and phosphorus content and biomass in different parts of rice in ripening period
FEERFEAR Parameters of the plant 100%F 70%F+30%M 50%F+50%M 30%F+70%M
FERL A N/g-kg' DW 6.93+0.46h 8.02+0.92a 7.25+0.11b 8.68+0.45a
Grain W Plg-kg DW 2.88+0.18a 2.47+0.25b 2.81+0.20a 2.110.16¢
HET 294 Drying biomass/g- plant™ 10.56+2.03a 7.02+0.96h 5.50+0.62¢ 4.77+0.85¢
R L N/P 2.42+0.28¢ 3.28+0.51b 2.59+0.17¢ 4.12+0.25a
EX % Nlg-kg' DW 3.83+0.40b 4.87+0.35a 3.54+0.18bc 3.4120.20c
Stems and leaves W Plg-kg DW 1.20+0.14a 1.26+0.24a 1.20+0.20a 1.1240.15a
HET 42414 Drying biomass/g - plant™ 11.810.90a 8.49+0.83b 6.9320.76¢ 5.76+0.85d
S L N/P 3.22+0.50b 3.92+0.43a 3.01+0.46h 3.09+0.55h
i A N/g-kg DW 2.29+0.16¢ 4.29+0.11a 3.63+0.45h 2.29+0.09¢
Root Wi Plg-kg DW 0.69+0.04c 0.7120.06¢ 1.05+0.16a 0.90+0.11b
HET A Wk Drying biomass/g - plant™ 4.6320.66a 3.05+0.61b 2.33+0.39¢ 2.08+0.39¢
S E N/P 3.34+0.34b 5.6620.47a 3.51+0.54h 2.58+0.34¢

T« [l — a0 B o) — 8 An Y 4 DS R HE A BE =22 (8] AT B DK 3 5 28 00 Hr , ARl 7RE 0K P<0.05, AR E 25 . T 1Al

Note: One—way anova is performed between 4 different fertilization treatments with the same index in the same organ. P<0.05 is indicated by different

letters, and there is significant difference. The same below.

®5 KBEAREBSER BREMEHLLEIXF

Table 5 The proportion of nitrogen, phosphorus and biomass between different parts of rice

JiE B AL PR Fertilization treatments 100%F 70%¥F+30%M 50%F+50%M 30%F+70%M
b AR A2 1 Aboveground biomass/underground hiomass 4.95+1.20a 5.23+0.97a 5.46+0.85a 5.13+0.81a
Hi b HR A AUHE R E A Aboveground N/underground N 11.71+4.11a 7.69+1.65h 7.85+1.38b 13.08+2.41a
3543 P/ R 843 P Aboveground P/underground P 14.32+3.38a 12.55+2.72ab 10.02+1.06bc 9.00+1.34¢
AT B A R TR A A 0.64=0.12a 0.6220.11a 0.60+0.08a 0.610.07a
Reproductive organs biomass/vegetative organs biomass
AR E NS AR EN Reproductive organs N/vegetative organs N 1.32+0.32b 1.05+0.23b 1.21+0.16b 1.71+0.33a
A E PIE TR E P Reproductive organs P/vegetative organs P 1.78+0.46a 1.39+0.44ab 1.48+0.40ab 1.22+0.16b
FEAR S N/FE AR 2P Plant total N/plant total P 2.72+0.28b 3.65+0.34a 2.78+0.14b 3.60+0.26a
*6 AEKE TIEIEFREIREXES 7 (n=24)
Table 6 Correlation analysis of basin water and soil index (n=24)
7K pH {H HEKEA  AWEUKESE  AmKCOD MK CODAERA K AE B
Basin water pH ~ Basin water TN Basin water TP Basin water COD  Basin water COD/TN  Basin water TN/TP
3¢ pH {H Soil pH -0.470%* 0.675%*
j:ii%lu ZSoil TN
3 K% Soil TP 0.625%: 0.647%: 0.6427%* -0.457*
i%ﬁ#ﬂﬁ Soil organic matter =0.719%*
iia%ﬁ BT/ A Soil OC/TN -0.519%*
B s Soil TN/TP —-0.550%* -0.661%* -0.455%* -0.606%* 0.569:#:
iﬁ%ﬁ HLT/ S8 Soil OC/TP -0.426* -0.566%*

T REAR T3 2 B KUK o PRI o SE IR o e B, 7E 1S
KA 42N R B BUR R/ NIT HAEE X 54
WFFE AL KA A= 28R M 4508 T, B A /K 10 57
O3 T AT R ) 25 SR AR
K TN TP, COD 1 FUAELG F G2 Wi v 2 1)
EEA T EMSE . AT A, 100% TR AR AL B Y

COD/TN ' TN/TP,COD/TP 15 HiAth 3 4~75 £F- ZE e it (1) b
FIAH HEER S o Zou WEFE KRBT (IR COD/N A F T /KA
I MR LR, COD/N HE e E T ShEE A= ¥
A A B i, TS E T SUE RIS 1 sh AR, I
I, 7 2R SR It 4 A R K RS E D T RE R N E .
Wang S 5% & 3L, KA R B COD/N LUAELRY R R,
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