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Effects of Water and Phosphorus Operation on Rice Yield and
Phosphorus Absorption and Utilization

ZHANG Zhongxue' JIANG Lili'"* CHEN Peng'® NIE Tangzhe'> CHEN Shuaihong'? ZHAO Jian'’
(1. School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China
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Abstract: A field experiment was carried out to study the effects of different water and phosphorus
managements on dry matter accumulation, phosphorus uptake and utilization, yield of rice at the maturity
stage in cold black soil region, the relationship between root traits and phosphorus uptake efficiency at
heading stage was discussed. Two irrigation modes (F; flood irrigation, C: controlled irrigation) and six
phosphorus application levels ( PO:0 kg/hm*, P1:15 kg/hm*, P2:30 kg/hm®, P3.45 kg/hm*, P4,
60 kg/hm’ ,P5:75 kg/hm®) were set, the effect of different water and phosphorus managements on
above-ground dry matter, yield and its components, phosphorus accumulation in grains and plants,
phosphorus use efficiency, phosphorus uptake efficiency and phosphorus fertilizer partial productivity were
studied. The results showed that under two irrigation modes, with the increase of phosphorus application
rates, the above-ground dry matter, yield, effective panicle number, seed setting percentage, phosphorus
accumulation in grains and plants were increased firstly and then decreased, and harvest index,
phosphorus harvest index, phosphorus use efficiency of grain and dry matter were decreased firstly and

then increased, however, the phosphorus uptake efficiency and phosphorus fertilizer partial productivity
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were decreased. The above-ground dry matter, yield, effective panicle number, seed setting percentage,
phosphorus accumulation in grains and plants of CP2 and FP3 reached the maximum, respectively,
among the different water and phosphorus treatments. There was no significant difference in yield between
CP2 and FP3 (P >0.05), however, the phosphorus fertilizer partial productivity of CP2 was significantly
higher than that of FP3 (P < 0.05). Therefore, CP2 treatment was the best water and phosphorus
management in this experiment. The correlation analysis showed that there was a positive correlation
between yield and above-ground dry matter (P <0.01) and a significant negative correlation between
yield and harvest index (P <0.05). Plant phosphorus accumulation was positively correlated with above-
ground dry matter (P <0.01). Plant phosphorus accumulation was positively correlated with root dry
weight and root length density (P <0.05). The results indicated that suitable water and phosphorus
management could create good root morphology, increase dry matter accumulation, which was more
conducive to improving yield and phosphorus use efficiency. The research results provided theoretical
basis for understanding the difference of rice root morphology and phosphorus fertilizer utilization under
different water and phosphorus managements and guiding the practice of high yield and high efficiency
cultivation of rice in cold black soil region.

Key words: rice; water and phosphorus operation; yield; phosphorus use efficiency; phosphorus uptake

efficiency ; phosphate fertilizer partial productivity
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Tab.1 Water management of different irrigation modes
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0 MM ZE AT K, ~ B R A R IR, ~ R B Kk A R BB
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Tab.2 Effects of water and phosphorus on above-ground dry matter, harvest index, yield and its components

W ) i EER S T a4 N A R 45505/ THRFE, BRI
X AL (kg-hm %) (kg-hm ) WAk (A~+hm~?) % g hA
PO 12 062. 90" 7020. 35° 0.58° 4.5879 x10°* 80.21° 19. 88 81.01°
Pl 12 970. 47 7 057.05° 0.58° 4.8382 x10°* 80.47° 19.43% 75.94¢
P2 16 670. 84* 9 386. 88" 0.56" 5.5055 x10°* 85. 50" 18.93* 86. 09"
¢ P3 15 160. 99" 8 749. 58" 0.57* 4.9216 x10°* 80.91° 20. 81°* 94.29°
P4 13 410. 08" 7 898. 73" 0.58° 4.6713 x10°* 79.79* 19.90® 92. 65°
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Fig.2 Relationship between above-ground dry matter,

harvest index and yield
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Tab.3 Effects of water and phosphorus management on
grain phosphorus accumulation, plant phosphorus

accumulation and phosphorus harvest index

L % TR PR ) ‘
MR it A FE MER/ HER/ @ﬁiqwﬁ
(g =) (kgehm 2y
PO 7. 63" 12. 50" 0.61"
P1 8. 82° 14. 20° 0.62"
P2 10. 24* 21.23° 0. 48"
¢ P3 9.93" 18. 43" 0. 54
P4 7.70" 14.91°¢ 0.52¢
P5 7. 461 12.711 0.59
PO 6.36° 12. 04" 0.53"
Pl 7.32¢ 12.73¢ 0.57°
P2 7.78" 16.25" 0.48
¥ P3 9.15° 19. 50* 0.47¢
P4 6.77" 13.78° 0.49°
P5 7.02°¢ 11.48° 0.58"
Jit WA Ak 3L 276.37* 228. 18 ** 15.52"
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it W AL 2 < ‘
31.02* 23.48 " 1. 60
AR

BN,k RL g 25 R B i RIAE PR B R R e kY
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Fig.3 Relationship between plant phosphorus

accumulation, above-ground dry matter and yield
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AME, HLJE #5301 5t 11.30% il 11.80%

THE R ) Ml 2R R R A T R e 2R T 4 o )
FH R R A Wi ik B M B % K (P <0.01), fE P11,
P2 P3 P4 QI S T 1) B 3R LR 80O A v
Mt 2.23% ~ 18.54% . f£ A [A] it 5 K F T,

HEBCPERESE I T K A 1 0 K T W IR
N 3.42% ~18.40%

Tt 4 Ak B TR A X R 28 HL A O B A 2R 3R
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Tab.4 Effects of water and phosphorus management on phosphorus grain use efficiency, phosphorus dry matter

use efficiency, phosphorus uptake efficiency and phosphorus fertilizer partial productivity keg/kg
THE WA i 5 Ak 21 BERFFRLFIRACE SR TY A ARCE S R s % WEAC AR A= 7
PO 561.43" 964. 68"
P1 543.43°¢ 913.24" 0.95° 506. 03
P2 442.21° 785.35° 0.71" 312.90"
¢ P3 474.78¢ 822. 69 0.41° 194, 44¢
P4 529. 84° 899. 54¢ 0.25¢ 131. 65
P5 596. 15" 965. 76" 0.17¢ 101.03°
PO 553.02° 997.72°
P1 564.29" 976. 18" 0.85" 478.92°
P2 524.21" 929. 86 0.54" 284.01"°
F p3 492.19¢ 878.02¢ 0.43¢ 213.32¢
P4 541.67™ 970. 13" 0.231 124. 409
P5 607.20° 1001.72° 0.16° 96. 98¢
it 4 b 2 104. 58 ** 396. 42 ** 18 564.89 ** 44 377.75*
F TR A5 39.16 ™ 777.07 ** 506. 15 ** 143. 89
it WA AL B > R AT 2 13.96 * 47.75* 226.8 " 118.23 "

2.4 KEBEHZEXBEIE R E MBI £ S

=AU

Hi 3 4 AT il A Ak PN B A R AT A N g
Al 7 3 9 5 0 38 B AR S 2E K CF (P <0.01) o 7EPY
Fobt R AR S, Ml I B2 oA 250 3 0 e A At A= ™ g Bt
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