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Effects of Phosphorus Nutrition on Photosynthesis and Yield of Soybean by San-

ding Method

CHEN Guo-xing, XIA Xuan, LYU Shu-cai, ZHANG Xi-ting, GONG Zhen-ping
(Agronomy College of Northeast Agricultural University, Harbin 150030, China)

Abstract: In order to clear the effect of phosphorus application on the photosynthesis and yield of soybean, Heinong 48 was
taken as material and different phosphorus levels nutrient solutions were sprayed during growth period under sand cultivation
condition. The results showed that the CO, absorption rate, leaf area and photosynthetic rate increased with the growth of soy-
bean. The CO, absorption rate and photosynthetic rate reached the maximum at RS stage, and then gradually decreased,
showed a single peak curve. The CO, absorption rate and leaf area of soybean increased with the increase of phosphorus nutri-
ent level. However, when the phosphorus level reached 21 mg-L ™", the increase of phosphorus level had no significant effect.
The photosynthetic rate of soybean during early growth stage was significantly decreased under low P stress (P, treatment) ,
The higher P supply after low P stress had a certain effect on the photosynthetic rate of soybean, and the photosynthetic rate in-
creased. The plant height, the number of grains, the number of nodules and the yield of soybean increased with the increasing
of phosphorus nutrient level. When the phosphorus level reached 21 mg-L™" | the increase of phosphorus nutrition had no
effect on plant height and yield of soybean. Phosphorus supply after high phosphorus stress could restore the soybean yield to
some extent. In the vegetative growth stage, if the phosphorus deficiency the yield was very easy to cut, and the longer the

phosphorus stress, the lower the yield.
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®1 BREFKFWNKRE CO, RIEZEH M
Table 1 Effects of phosphorus nutrition levels on CO, absorption rate of soybean ( pmol-min ' -4plants ')

R E IR

GRCEEY Phosphorus nutrition levels
Starting period
P Py Py Py
V4 3.83+0.36 ¢ 16.93 +1.30 b 21.97 +0. 80 ab 25.22+2.60 a
R2 18.92+1.76 ¢ 43.95+4.13 b 80.55+1.05 a 79.67 £2.41 a
R4 32.15+2.69 ¢ 88.56 £2.04 b 158.73 +11.20 a 144.62 +3.05 a
R5 48.21 £5.96 ¢ 126.69 +7.33 b 159.57 +7.55 a 162.50 +4.83 a
R6 40.30 £3.21 ¢ 64.51+7.21 b 103.31 +4.56 a 108.34 +10.51 a

AP A R PR 3R 22 5 BFENE (P <0.05) , T Al

The different letters in the same row indicate significant differences (P <0.05), the same below.
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Table 2 Effect of variable phosphorus treatment on CO, absorption rate of soybean ( umol-min ' -4plants ')

AR AL B

T ) LIEEPS 5 Variable phosphorus treatments
Starting period Treatment days/d
Pl Pl*3l P3171 P3l

V4 4 10.06 £1.87 ¢ 21.73+1.25 b 77.01 £1.32 a 71.29 £2.88 a
10 16.77 £3.22 ¢ 61.35+4.27 b 144.94 £11.29 a 158.3£13.84 a
15 20.35+2.42 d 73.58 £2.36 ¢ 118.28 £13.71 b 167.42 +£7.75 a

R2 5 20.35+£2.42 ¢ 21.66 £3.52 ¢ 110.17 £9.84 b 158.97 £1.69 a
12 30.93 £4.15 d 79.81 £3.34 ¢ 294.47 £6.22 b 327.35+9.11 a
17 37.58 £1.32 d 89.63£1.87 ¢ 266.47 £12.99 b 316.64 £17.33 a
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Table 3 Effects of phosphorus nutrition levels on the leaf area of soybean (1.0 x 10 > m*-4plants ')

FHR )

W EFRKF

Phosphorus nutrition levels

Starting period

P, Py P, Py
V4 2.88£0.14 ¢ 4.64 £0.50 b 5.00+0.46 b 6.64 £0.54 a
R2 6.03 £0.70 ¢ 10.85+0.25 b 18.86 £0.40 a 20.51 £1.30 a
R4 6.40 +£0.35 d 19.13 £1.54 ¢ 25.42 +0.88 b 29.47 £0.57 a
RS 10.28 £0.48 ¢ 22.47 +£2.35b 30.94 £2.71 a 31.82+1.39 a
R6 9.30£0.32 ¢ 23.27 £2.98 b 40.22 +2.82 a 39.27£1.03 a
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Table 4 Effect of variable phosphorus treatment on the leaf area of soybean (1.0 x 10> m”-4plants ')

AR WAL B

THiR I AEERREL Variable phosphorus treatments
Starting period Treatment days/d
P, P, _s Ps ) P
V4 4 4.90 £0.32 b 5.19+0.44 b 26.52+1.08 a 27.23 +2.38 a
10 4.94+0.40 ¢ 13.26 £1.59 b 49.12+1.52 a 44.67 £2.95 a
15 6.77 +0.49 d 21.31+0.73 ¢ 42.80£1.59 b 53.24+1.72 a
R2 5 7.46 £0.77 b 5.51+0.70 b 53.56 +4.61 a 53.24+1.72 a
12 7.53+£0.92 ¢ 14.78 £0.35 ¢ 71.86 +0.27 b 83.96 +7.68 a
17 9.03+0.32 ¢ 20.3+0.97 b 76.01 £5.04 a 84.42+3.49 a
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Table 5 Effects of phosphorus nutrition levels on photosynthetic rate of soybean ( pmol-s ™' -m*)
WEREFRKF
SR CIRE! Phosphorus nutrition levels
Start period
l)l l)l 1 PZI P}l

V4 1.95+0.30 b 5.63+0.13 a 6.46 +1.24 a 6.8+0.92 a
R2 5.31+£0.38 b 6.73£0.52 a 7.13 £0.15 a 6.66 £0.42 a
R4 7.56 £0.59 b 7.83+0.50 b 9.74 £0.47 a 8.07£0.18 b
RS 7.94 £0.65 b 11.09 0. 89 a 8.95+0.36 b 8.56 £0.44 b
R6 7.22£0.51 a 5.52+0.24 b 4.50+£0.25 b 4.70 £0.18 b

Fo6 ETHAENKENRAGEEHNM

Table 6 Effect of variable phosphorus treatment on photosynthetic rate of soybean ( pmol-s™'+m™*)
AL AL
PAR LR ] Aib B RAL Variable phosphorus treatments
Start period Treatment days/d
I)l P1731 P3171 P}l
V4 4 3.77+0.75 b 7.03£0.20 a 4.87 £0.27 b 5.24+0.62 b
10 3.85+0.84 b 8.16 £0.83 a 6.07 £0.38 a 7.15+0.95 a
15 4.55+0.35b 6.05+0.20 a 4.62+0.52 b 5.33£0.24 ab
R2 5 4.55+0.35b 6.75+0.44 a 4.12+0.78 b 5.07+£0.27 b
12 6.21 £0.16 ¢ 9.00£0.31 a 6.83 £0. 13 be 7.23+£0.54 b
17 7.12 £0. 19 ab 7.35+£0.45 a 6.06 £0.53 ab 5.62 £0.60 b

2.2 BEEFRKEXNKEFENZM
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Table 7 Effects of phosphorus nutrition levels on yield components of soybean

i

RiE

Nodes number

fb 73

Treatment Plant height/cm

P, 34.44 £0.96 c 10.9+0.29 ¢
P, 59.34+1.84 b 13.5+0.18 b
P, 72.03 £2.48 a 13.4+0.36 b
P, 72.8+2.63 a 14.6 £0.25 a

FRRRARIEL JER AEEN JEh
Seeds number per plant  100-seed weight/g Yield /(g-pot™")
16.38 +1.85 d 24.88+1.00 b 18.21 £3.28 ¢
38.00£1.81 c 23.71£0.63 b 35.47 +2.13 b
51.47 +3.84 b 28.66 +1.53 a 62.59 +2.71 a
61.58 £2.22 a 27.17 £0.75 a 62.41£1.53 a

[FIFIA Rl PR R 22 5 BFE (P <0.05) , T Al

The different letters in the same line indicate significant differences (P <0.05), the same below.
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Table 8 Effect of variable phosphorus treatment on yield components of soybean

b3 B WK

Treatment Plant height/cm Nodes number

Seeds number per plant

izl

JER Ay s
Yield /(g-pot~")

LIRS I3
100-seed weight/g

P, 39.81 +£2.51d 12.06 +£0.39 ¢ 21.56 £4. 18 ¢ 19.96 +£0.71 ¢ 14.84 +3.08 d
R, P, 3 50.75 +£2.04 ¢ 13.25+0.10 b 54.00 £2.97 b 22.87 +£0.42 ab 49.4 +£5.37 ¢
VP 5 57.13 £1.76 ¢ 13.5+0.53 b 79.19 +1.88 a 22.89 +0.38 ab 74.27 +2.01 b
ViP5 102.63 £4.55 a 15.31 £0.16 a 41.63 £5.82 b 21.49 £0. 66 be 38.56 £5.72 ¢
R, Py 90.63 +3.39 b 14.75£0.23 a 43.38 +8.81 b 23.62+0.55 a 41.3+5.20 ¢

P 95.13 +4.09 ab 15.5+0.44 a 79.25 +£3.61 a 24.03 £0.64 a 94.8£7.72 a

N 4 .
3 # HRAEI] . FRIBOR S 2 Rl R g R

E 4

FEAES 43 K5 2R T K&
(6 AR AR B A A ) v S 000G i 2 A2 1, FLige
{6 H BRTE LR AL AN 45 S ok, (L 25 S8 gk SR T

AR K S B R L R A AR T DO R
BN T T 4R 2 TH e, B4 S A B iR
{H, ZJG IR B T e, AR LW, BiE K
TR, CO, F M ISC i 4 | I [T AR D' 3 R % i



4 4] W ) 4 A D AR TR W EE TR AR R R A AR TR B i 2 ) 581

B, CO, (MRS ARG G R FEAAE Ry B
B KAE, Z 5 #a T2 N Bk %, 5 90 e e iy
LAk, ACHIF ST 45 R 5 B 45 B BIF S s AR
— B WS A eSS RS 22 Sk, T RER
T A AN ] S B 2 2R

N R ISt (A v (172 90 NS B 8 G
RO RO B R AL B AR B R,
AR TG ER ST EELE IR, HX)
ABFEBREMEE R I FEETREEEA
WEVE o BIISAE" dudg (KB BIRIR T RS
MR G SR AR I A, AR B oK NS
Yy b A AR 3B , Usuda 25" %5 6 K 34T AR B Jh
AL, A 20 d 5, GG EAR B BRI T 68% ,
RENCCE S A NiOE i 27308 N S I P G\
MR, BB AR P I R O i RAL R Ot
TR A5 $4 TR0 W o A8 P B e, P AR R
ZARBG A AR, A, R B R B FRKE
ARG LT A 2% R G b & R =g, B
X E I FAEIA 4 5 me) LUAS  , M RK TR P,
(11 mg-L™") B, B W BRI, K5 CO, WEH =
AN AR A W 2R AR A Y B g G R, (Y
BEREFACOTIBE] Py (21 mg-L71) B, PR A B R
AKXy CO, W s A A AR 2 e AR
X R WA 3 X W ) R A (R AE B 3R
FEARFRBARM BT B BREAL T R e AR, 5
BN IR A R A — 2,

ARG, th S B B AL (P, ), A IR
WL GRS Py A HITC 25 5, T BRI A
SBEAE G A — 5 0 AME R S5 58, B (R
AL (P, ) AEBRETIIRDOC AR B E & T
Py Ab 3R, FRB R SR RRAEAR B B 38 2% 1 T e e Wt A
R, G 38 A AR R ) OIS RN, AL RT R R
TARKEETEPER R o Fredeen 257 BF5TIA N , 8
A LARREAR R ZR SCOE AR I M, U R Kt 5 -
TR T A, A 114 400 s 1% P O Sl BRI, AT 0 20
BRI BB A6 R VE R 9 AE W 6 i HE T AT LAIA
SARBEII A 2 T ARG M, BT O AR
AL, (BT RER i TARBERR ) kAR A,
AT )42 5 e R SZ AR AR CO, Wi id 3¢, Chaudhary
UL o A AR KRBT ST, 1 45 ST
f TR 5 O B R AL R R B, o R R
e S AR A DG S T e AR, WA
WHFR RN, s DR AL R TR R S HOR Ok
AER TN EEFA (HAARIRE P, b F
FAFT CO, WIS A DG A 33 1 A8 A0 0 AT L
EWT L, 6 R DG X B 2R 0% 1 YN 7T RE v T

TETERORS W8 2% 4 IV o

T NN, R A RO B ARAR Y
Hh R RE 8 5 M N O L A 38 RE A G N K B
FEABE R, AR, 247 WA R #BERKF
ALER, YRR FRAKCTAAE] 21 mg- L7, FRAE
FEF KT O B, 5 T E %
WFTEAE A —E 1 —Erk . MRS, JTAE]
i R AR RS Tl 2 A by R, TR BE B BRI AN RS2,
RV A 35 01 45 7 50 2 A i B AU AR ME I B2 I
TESE I LI Wl 28 00 AR ™ k) 52 ) A9 A X Dok 553
T AR B, BB I, I ) Ak 6 R i
Mo 25 TR W Z K P 5 3R, ZEAS REIA I IE 4 7 i
IR TEEFRA KB B, A R Bl Wil 5 sl ™, Hop™
(EL P A T IR 7 i A A, (A I A I [ e 4 =
BAR . 5 T 4R A B A — B X T AT
VUSSR 7R 7 L U W (1 BTN W=/ G O

4 % it

Wi KGR A CO, py M fios R i B Ot
FHCRBEIE R, CO, B M ICH AR & 3R A
75 RS YR B ik 2 B R fH, Z )5 # T80 T By
s BB g i LA L, KA CO, Y M icis
A& T AR A W 2R SR KCF B0 1S g i R B
YREREIRACTIEE] P,y (21 mg-L70) I, FEER &
FACFR B O B AR Xt T 6 G AR A 50
UASTR], ARBE A (P, A3 REAF PRI B S
PRI B REAR, (H Y B3R 35 %) Py (11 mg- L)
i, B R N , ARBEIIE 5 P 20 B i R
BRI RGO A 3R A — E S O,
ARG R 5 e TR A R W ) 7 T TS £ g
WAL BT 2 )5 ) — B ARl A < B BOA 3820 1) 9 3R
[T T, il R R A 3 3R A — B i [] A A 2
o RELRR R RLEL 1 BRI ™ B R B A 0 3K E R
KRBT B T e . SRR SR KT
R 21 mg- L1, 8B 3 75 X K Sk g
PR EICRE W RO S RS B A RS
AR RE = — et fEEFRA
KB, USRS A S ook , AP A 30 B i 7
IR,

5% Uk

(1] JEue, AR soss AR, 55 . BT B R Rl 2 7 i AL &1
BRI Al K724, 2010,31(1) :6-9. (Zhuang
B, XuKZ, DuSY, et al. Comparison of canopy yield and pho-
tosynthesis of new and old soybean varieties [ J]. Journal of South

China Agricultural University, 2010,31(1) :6-9. )



582

K TR

4

(3]

(4]

[10]

[11]

FIERE, WA, R KT . REDLE AR BA ST 18 ik
AR R B R T 5 o A R (Y AFF ST (] R 2 #)4%,2003 ,22
(2):97-101. (Shi L X, Miao Y N, Zhu C P. Preliminary studies
on some physiological characters of soybean lines with different
plant types[ J]. Soybean Science,2003,22(2) :97-101. )
e, £H R EH . RESFOCE m R 22 5 K 57
BICRE[T]. fEW 4R, 1982,8(2):131-135. (Du W G,
Wang Y M, Tan K H. The relationship between photosynthesis ac-
tivity and yield of soybean varieties[ J]. Acta Agronomica Sinica,
1982,8(2) :131-135.)

KRB, kiR, LWH, S . ARREERERE M RO E
HAM R[], RALlk K2z 4R, 2010, 41(9):1-5.
(Zheng D J, Zhang Z A, Jiang L Y, et al. Comparison of net
photosynthetic rate of soybean leaves at different yield levels [ J].
Journal of Northeast Agricultural University, 2010, 41 (9): 1-
5.)

Terry N. Leaf phosphate status, photosynthesis and carbon parti-
tioning in sugar beet. Il Diurnal changes in sugar phosphates,
adenylates, and nicotinamide nucleotides[ J]. Plant Physiology,
1989, 90(3) :820-826.

Mikulska M, Bomsel J L, Rychter A M. The influence of phos-
phate deficiency on photosynthesis, respiration and adenine nucle-
otide pool in bean leaves[ J]. Photosynthetica, 1998, 35(1) :79-
88.

Fredeen A L., Raab T K, Rao I M, et al. Effects of phosphorus
nutrition on photosynthesis in Glycine max (L. ) Merr. [ J]. Plan-
ta, 1990, 181(3) :399405.

BMIS , SRARYL, KW, A5 . AR F S 38 X AN [ e D 7 R
SOLEEREEREEm [ T]. RER,2009,28(5) :806-810.
(Zhong P, Wu J J, Liu L J, et al. Effects of low phosphorus
stress and drought stress on photosynthetic physiological character-
istics of soybean genotypes with different genotypes[ J]. Soybean
Science,, 2009,28(5) :806-810. )

XUERF TS, S, 5 . BRI AR BERCRE R RO 4
HARZ AR [T]). KERH£,2009,28 (2):217-220.
(LiuJ Q, Xie F T, Ao X, et al. Effect of different phosphorus
levels on photosynthetic rate and agronomic traits between soybean
cultivars with different phosphorus efficiency [ J ]. Soybean Sci-
ence,2009,28(2) :217-220. )

Holford I C R. Soil phosphorus: Its measurement, and its up-take
by plants [ J]. Australian Journal of Soil Research, 1997, 35.
227-239.

RANE R BBIRY, 5 . BRRE IR X R R W
R[] Y E IR S LR R, 2012, 18 (3) « 670-677.
(Wu D T,Zhang X X, Gong Z P, et al. Effects of phosphorus nu-
trition on P absorption and yields of soybean[J]. Journal of Plant

Nutrition and Fertilizer,2012,18(3) : 670-677. )

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

EBH, BRE, s, 5. shEf e REERI R S TY
BRI s [J]. b e AE i, 2015, 31(21):71-75.
Wang X J, Chen H, et al. (Effects of potassium deficiency on po-
tassium and dry matter accumulation in soybean plants [ J]. Chi-
nese Agricultural Science Bulletin, 2015, 31 (21) . 71-75.)
NP, XIEEE, PhELR, % . RIS N RO I A R KT X
KREMEERMEZWI]. EYE R SRR, 2011, 17
(4):985-988. (Dong S K, Liu L J, Sun C S, et al. Effects of
nitrogen level on soybean root growth by >N marking [ J]. Journal
of Plant Nutrition and Fertilizer, 2011, 17 (4) . 985-988. )
FWefl, I, T, S . RK X KD AR K i
], EY 2, 2011 (2):49-52. (Wang X W, Yan C,
Wan T, et al. Effects of nitrogen application on photosynthesis and
yield of soybean[ J]. Crops, 2011(2) :49-52. )

WL, M, RECE 5. BEEARM BRSO S
AR )], RERE, 2012, 31(2) :232-236. (Xie F' T,
Sun H'S, Zhang H J, et al. Effects of phosphorus on photosynthet-
ic physiology of different quality soybean [ J]. Soybean Science,
2012, 31 (2): 232-236. )

Usuda H, Shimogawara K. Phosphate deficiency in maize. 1. Leaf
phosphate status, growth, photosynthesis and carbon partitioning
[J]. Plant and Cell Physiology, 1991, 32(4) :497-504.

JREE R, TR, 5. ORI BERLER/NE M RO A R R L
AYBE R RS LT ] ROl B2, 2006, 39 (11) .
2200-2207. (Zhang J H, Li B X, Wang B, et al. Studies on the
characteristics of photosynthesis and dry matter production in wheat
varieties with different P efficiency[ J]. Scientia Agricultura Sini-
ca, 2006, 39(11) : 2200-2207. )

Chaudhary M I, Adugyamfi J J, Saneoka H, et al. The effect of
phosphorus deficiency on nutrient uptake, nitrogen fixation and
photosynthetic rate in mashbean, mungbean and soybean[ J]. Ac-
ta Physiologiae Plantarum, 2008, 30(4) ;537-544.

JEm B, SR, B, A BRBREE T B TR R
EAROLAENMN R RIS BMERLT]. mYERS
AEARL2E 4z, 2014, 20 (1) :221-228. (Yuan X Y, Guo P Y,
Huang J, et al. Effects of glyphosate on photosynthesis and chloro-
phyll fluorescence parameters of glyphosate-tolerant soybean seed-
lings under phosphorus deficiency [ J]. Chinese Journal of Plant
Nutrition and Fertilizer, 2014, 20 (1) . 221-228.)

TR, ZIebk, 2 S0, 45 . BEAE 5 R i R B oG &R
[J]. 4k R Rl 5 EE 09T, 2006,22 (1) ¢ 55-57. (Wang J
G, LiZL, Li W B, et al. Application of phosphorus in relation to
soybean yield and quality[ J]. System Sciences and Comprehensive
Studies in Agriculture,2006,22(1) : 55-57.)

F4EE . RGMBEREFR ST dhELLF, 1963
(11):4144. (Wang W J. Phosphorus nutrition and fertilization
of soybean[ J]. Scientia Agricultura Sinica 1963 (11) ;4144. )



