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Effects of Phosphorus Fertilizer on Phosphorus Content, Photosynthesis
Characters and Yield of Rice in Cold Waterlogged Paddy Field
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Abstract: In order to understand the effect of phosphorus fertilizer on rice (Oryza sativa) grown in cold
waterlogged paddy field, the phosphorus content, photosynthesis characters and yield were studied under four
levels of phosphorus fertilizer. The results showed that the phosphorus contents in roots, stems and leaves, net
photosynthetic rate of leaves treated with phosphorus fertilizer at tillering stage were higher than those of control
by 10.53%—-36.84%, 18.52%—-37.03% and 15.17%—-29.88%, respectively. At heading stage, the phosphorus
contents in roots, stems and leaves, and panicles, net photosynthetic rate and soluble sugar content of leaves
increased by 11.76%-23.53%, 24.13%-41.38%, 9.68%—-22.58%, 13.41%-27.10% and 6.03%—22.38%,
respectively, but the starch content reduced by 12.05%-41.77%. At mature stage, the phosphorus content of
panicles and yield increased for 0.71%—-28.57% and 4.65%-10.32%. There was regression equation between
phosphorus fertilizer dosage (X) and rice yield (¥): Y=-0.0835X+14.224X+6530.9 (r=0.94"). The coefficients
between rice yield and net photosynthetic of leaf, phosphorus content of stems and leaves at heading stage were
0.57" and 0.77', respectively. Therefore, phosphorus fertilizer could improve phosphorus content of rice, net

photosynthetic and soluble sugar content in leaves, reduce starch accumulation in leaves, thus improve rice yield.
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Heading stage was an important period for rice yield. It could be used as diagnostic reference index that the

phosphorus content in stems and leaves was about 0.38%. The optimal dosage of phosphorus fertilizer is

85.17 kg hm ~ for cold-waterlogged paddy field.
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Table 1 Effect of phosphorus fertilizer on rice phosphorus content in cold-waterlogged paddy field

53 BEH] Tillering stage

JihAEHA Heading stage

I Mature stage

it EX0S i EX0 Tl [t EX0 il
Root Stem and leaf Root Stem and leaf Panicle Root Stem and leaf Panicle
Py 0.19+0.02bA 0.27+0.02¢B 0.17+0.02bA 0.29+0.02¢B 0.31+0.02bB 0.11+0.01aA 0.23+£0.02aA  0.28+0.01cB
P, 0.21+0.02bA 0.32+0.03bAB 0.19+0.02abA 0.36+0.03bA 0.34+0.02abAB 0.11+£0.02aA 0.25+0.03aA 0.31+0.02bAB
P, 0.24+0.03abA  0.35+0.02abA 0.20+0.01abA  0.38+0.02abA  0.37+0.03aA 0.13£0.02aA 0.25+0.02aA 0.35+0.02aA
P; 0.26+0.03aA 0.37+0.01aA 0.21+0.02aA 0.41+0.02aA 0.38+0.03aA 0.12+0.01aA 0.24+0.03aA  0.36+0.03aA

()51 Kt o A (R K 5 RN S 7 B 73 2R 22 S . 35 (P<0.0 DA 3% (P<0.05) . TR [AL.
Data followed different capital and small letters within column indicate significant differences at 0.01 and 0.05 levels, respectively. The same is following

Tables.

R 2 TEBEA IR KRG A AR R

Table 2 Effect of phosphorus fertilizer on rice photosynthetic rate in cold-waterlogged paddy field

ZrBEW] Tillering stage il #E1Y] Heading stage

e GdER MBI {ALSFE Stomatal HotamR PRI ALSFE Stomatal
Net photosynthetic Transpiration rate conductance Net photosynthetic Transpiration rate conductance
rate (umol m s ") (mmol mol™") (mol ms™") Rate (umol m%s ") (mmol mol™") (mol m ™)
Py 19.31+0.39¢cC 6.86+0.19¢cC 0.30+0.03bA 18.49+1.15¢C 6.23+0.36¢C 0.24+0.04bB
Py 22.24+1.01bB 7.19+0.13bB 0.35+0.05abA 20.97+0.83bB 6.70+0.23bB 0.27+0.05abAB
P, 24.76+0.30aA 7.92+0.15aA 0.36+0.03aA 22.69+1.41aAB 7.14+0.09aA 0.29+0.05abAB
P; 25.08+0.24aA 8.11+0.12aA 0.37+0.04aA 23.50+1.33aA 7.34+0.16aA 0.33+0.03aA
NN NAZ iy o L — I S%4 Noglavd
XSS RIE R VORI TATERE  EERER NN, KRR A TR R LTS, W

KR AT EE . W3R 3 "I, awext
JCE T INRE I 12 ERAE 7y BESRIHIARIY], 1 A
ANFEAL BRI 22 A B2 . 7 BEMI R AR, B

TR RN, SR P EL, T A MR A R
SR 7.26%~12.13%F1 6.03%~22.38%, THIEH
HEMNHTE 3.50%~8.50%F 12.05%~41.77%:
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SR TR DRI 0897, 0.937,

2.4 fEbk P EE. LA S BRI T
MR 5 AT, AR ZE . AR AR
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ANZERHAN, IR R RIS & B 5455, TRiE KAl
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Table 3 Effect of phosphorus fertilizer on photosynthetic production in rice leaves in cold-waterlogged paddy field

SrBEM Tillering stage

i Heading stage

JEAMY Mature stage

TN LIRa e iy A VENY AR
Starch Soluble sugar Starch Soluble sugar Starch Soluble sugar
Py 2.00+0.06aA 7.58+0.40bB 2.24+0.07aA 6.30+0.17¢C 1.31+0.06aA 4.21+0.20aA
P, 1.93+0.12aA 8.13+0.57aAB 1.97+0.05bB 6.68+0.32bcBC 1.2740.10aA 4.36+0.36aA
P, 1.91£0.09aA 8.28+0.39aA 1.75+0.05¢C 6.96+0.21bB 1.20+0.09aA 4.58+0.59aA
P3 1.83+0.09aA 8.50+0.55aA 1.58+0.07dD 7.71+0.20aA 1.2040.02aA 4.56+0.47aA
R 4 TR0 VIR KRG P S R 2
Table 4 Effects of phosphorus fertilizer application levels to rice yield components in cold waterlogged paddy field
PR Yield A 3% Number of FREITRIEL Number of THiE EED S
(kg hm?) panicle (x10* hm ) filled grains per panicle 1000-Grain weight (g) Setting (%)

Po 6567.0£169.2cB
Py 6872.6+240.6bcAB
P, 7244.8+203.7aA
P; 6961.5+139.8abAB

203.26+16.04aA
211.54+18.37aA
215.73+12.32aA
209.60+8.67aA

156.07+3.67bA
159.80+1.32abA
167.87+6.74aA
164.13+3.94abA

25.73£0.31bA
26.13£0.59aA
27.15+£0.45aA
26.43+0.51abA

87.32+1.88bA
88.75+1.67abA
89.60+1.33 abA
90.59+1.05aA

R 5 KRR R S S P B A

Table 5 Relationship between phosphorus contents and to yield components in cold-waterlogged paddy field

5 34 AL FEE gl FhiE ARSI AL Number of B R
Stage Part Yield Setting 1000-Grain weight filled grain per panicle Number of panicle
Sy BEHA R Root 0.22 0.86" 0.81" 0.64" 0.64
Tillering 21t Stem and leaf 0.55 0.87" 075" 071" 0.49
gt & Root 0.34 0.71" 0.83" 0.68" 0.70"
Heading 2 Stem and leaf 057" 0.70" 0.58" 0.65" 0.29
4 Panicle 0.48 0.83" 0.86" 0.86" 0.60"
AR R Root 0.38 0.55 0.64" 0.40 0.52
Mature 2211 Stem and leaf 0.08 0.52 0.55 0.36 0.64
4 Panicle 0.58" 0.75" 0.80" 0.79” 0.51

3 WM iR

B KFER N IR . R A BRI A sy, Bt
k2> 5200 DNA S HIF RNA &, 31 82K &4

BE [R I H RSl DA 2 BE A KRS 7R i 1 Sk
FAMY I B KRR ZE S R 0.10%~0.15%1F
Nl A AR ARG KRG 2 BRI 2SR S B
0.27%~0.37%E 8 FiR I 485, MKFER . 2
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Table 6 Relationship between photosynthetic characters and yield components of rice in cold-waterlogged paddy field

B A AR PR g FhiE FFFHSZRIET Number of 7 208# Number
Stage Photosynthetic character Yield Setting 1000-Grain weight  filled grains per panicle of panicle
Sy B 6 E#Z Net photosynthetic rate 0.85" 0.62° 0.74” 0.70" 0.44
Tillering FEME A Transpiration rate 0.71" 0.65 0.77" 0.73" 0.42
SILFH Stomatal conductance 0.12 0.40 0.58" 0.41 0.52
¥EK) Starch -0.45 0.06 0.22 -0.02 0.56°
A[YEPERE Soluble sugar 0.57" 0.56" 0.45 0.51 0.18
A %A% Net photosynthetic rate 0.77" 0.49 0.51 0.45 0.10
Heading 76 # % Transpiration rate 0.78" 0.43 0.63" 0.64" 0.18
L3/ Stomatal conductance 0.57" 0.27 0.60" 0.62" 0.24
JEK) Starch -0.72" -0.59" -0.45 -0.55 -0.13
AL PERE Soluble sugar 0.38 0.67° 0.48 0.44 0.25

BRSTESBEAERILEEM . NS
R -3 A 7550 oy b, AARIR L3 2 o
475 mg kg, BTEZKT(3.0~5.0 mg kg ). Ak
IRGE IR, IR H I8 R mAN G =, (HAE
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ZEFE H AT rp I #y X, R 56 3 6] i FH /K 23 78 /2
HARZH T, w0 AT 2 5B 4 k5%
IR, Dt ae ) i — SR T, R
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—RDEZRMBIFEHREER, AL FHN
77.69%"%; — R VMZ H A MBS B RK, B
IR I N A e A 3t 39 2 e F 4 v 1,
=R ZE B S N 0.29%~0.41%, HIE T
BEIAMIE O 5, DRI A R /KR = B S B
FESMREI, 25 D= BRI bR, R & &
1% 0.38% I/ VAR KR I 2 FR L W B s .
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£ B SR TR, T R A R S B
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