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Response of Root Morphology and Physiological Process of Pitaya
[Hylocereus undatus (Haw.) Britt. et Rose] to Phosphorus Supply
L evel under Hydroponic Conditions
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College of Tropical Crops, Hainan University, Haikou, Hainan 570228, China

Abstract: Phosphorus (P) is an essential macro-element for crop growth and is involved in critical physiological and
biochemical processes in plants. Pitaya is an important economic crop in tropical and subtropical regions. High fruit P
concentration and huge yield require high P demand for pitaya growth. However, the P absorption characteristics of
pitaya and the relationship of root morpho-physiological processes and P uptake are still unclear. In this study, pitaya
variety Soft Dahong, which is the most popular cultivar in China, was used. Five P gradients of 0, 0.01, 0.1, 0.5 and
1.0 mmol/L were set by hydroponic experiment to explore the changes of root morphology and physiological process of
pitaya under different P application rates. At the same time, the content of phosphorus and other nutrient elements in the
aboveground part were analyzed to clarify the mechanism of root morphological and physiological traits for efficient P
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use and the effect of P supply on other nutrients uptake in pitaya. The results showed that compared with no P, P fertil-
izer application did not affect the accumulation of aboveground biomass. P uptake and P concentration of shoot in-
creased with the P application rates. The total root length and the number of fine roots with diameter<<0.05 mm in low P
treatment (0.1 mmol/L) were significantly higher than those of other treatments. High P supply inhibited root growth,
showing that the total root length was the shortest, and the number of coarse roots with diameter =2 mm was higher than
that of other treatments. Low P (0.01 mmol/L) treatment had the highest total organic acid content and higher root CEC
content. Compared with no P, the organic acid secretion rate and root CEC content decreased under high P supply
(1.0 mmol/L). In terms of the absorption of other nutrient elements, the absorption concentration of iron in the mother
branch and the primary branch decreased gradually with the increase of P rate. The contents of nitrogen, calcium, magne-
sium, manganese and zinc in the second order branches decreased gradually with the increase of P rate, showing a signifi-
cant negative correlation. This study showed that low P and moderate P supply (0.01 mmol/L or 0.1 mmol/L) could pro-
mote root growth, root organic acid secretion and ion absorption capacity of pitaya, while excessive P supply (1.0 mmol/L)
significantly inhibited root growth and significantly reduced the absorption of trace elements accumulation in shoots.
Therefore, rational application of P fertilizer is of great significance for pitaya to maximize its root biological potential and
improve the P use efficiency, and also plays a key role in the balance of trace elements uptake in plants.

Keywords. phosphorus; Pitaya [Hylocereus undatus (Haw.) Britt. et Rose]; root morphology; root physiology; nutrient

absorption
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948 o AE A F AR

445 8

SARE . ZHMEr, SXEA T A, Ts.
Ty AEFRXT R S RIR R 22 5 B 3% (P<0.05; %
1), Ty AbHR KOESFR S AR BRI K, &
FCTF CK. T, M T 03, AFEGEHRE T, 4
WSO B A A5 R R Sk rh 22 RN B 3, ROk
B — AN ()4 TR SR R A s o PR P 5 T
WA AR 1 R — AR R A, B
Pl T 5 Ty 4b¥EZ ], PR WRIREZRE
#F (P<0.05) , T;ZbHIAHEF T, ALHES T ZE UK
WA 17.3%. AFGHERE T, SRR
A TN — GRS A7 1) W A 3 2 S N J 2 AR
F CK, Ts Fl Ty b EE MR B A — A 4b
FEIR T 26.2%, 2=RBE (P<0.05) . AR
W, BRoT R WIOR A AR A S h 22 5
WE (P<0.05) 5 TEREEL M —Zfilksdr, Rk
e 5 3 UL Ay I 3 e ol v ) T v S T R A
#, M CK AbER, T, AbERYEREAS 2 — R A

BRI WSO BE A R T 39.7% . 37.4%. 1E ¢
BOARAL, Ty BRI K, A 149 mg/kg;
AR AR T, AL HAERE K, 4 109 mg/kg, %F
T 2 WO BE A RERG S — BB AL 3 22 5 K
L YA 4 B 0 F WO B R A TR
B, BRI 16.0%. AN R ALEX 4 o0 3 Ok
(1) 50 3 25 5 R IRAE MR EB 47 (P<0.05) o CK
A BB G R RSOV s, B A R B T T
PETCR WO B A AR B T R, 78 T b 28
RE AR, 8 CK TR 47.8 %,

A HT K R S b B4 SR TR Z E A
KMEIFL I FAIE, 45 R % BB AR A 45 0 R )
WA R 5l 2 A R S PR R A I A et L Ak
TG 3 RIS A — AR 07 5 1 28 2 B0 HH B SR 1Y
TG g ikcrh, G, 85, 8. 5.
FELENEY 5 R IR TR I 5 LB AT 2 R R 1Y
T (B 3)

£1 FEBIKTFHAL R 2R RBRE

Tab. 1 Nutrient absorption concentration in upper part of pitaya different phosphorus treatments
ke e gem bR F2 47U Nutrient concentration
Branch type Treatment Nigkg!)  Klgkg')  Calgkg)  Mglgkg!) Fellmgkg!) Zn/(mgkg!)
I CK 21.5+1.17° 61.6+5.51° 54.7+2.13% 6.02+0.62° 147£3.73° 48.0+4.82°
T 23.6+1.50° 56.3+1.85° 53.1+1.08¢ 6.43+0.26 141+4.04° 49.1+3.80°
T, 22.2+1.17° 52.5+6.18° 60.8+2.40 5.89+0.13° 113+7.08° 54.1+3.56°
T; 20.8+1.27° 50.6+6.20° 62.3+2.30° 5.59£0.31°  94.0+7.45" 52.349.14°
T, 23.040.92° 52.243.45 58.4+1.51° 5.83+0.68" 88.7+4.00° 53.843.74°
Yl CK 26.5+1.36 98.6+8.87° 52.4+1.11° 5.63+0.55° 176+3.11° 42.8+1.39°
T, 27.9+1.38° 85.1+14.2° 50.8+2.64° 5.55+0.10° 154+6.43" 39.942.55°
T, 27.0+1.32° 98.5+15.7" 49.9+1.13° 5.89+0.33" 138+4.57° 45.8+4.80°
T; 23.7+1.96 75.249.64° 48.0+1.14 5.05£0.49° 114+6.84° 39.244.51°
T, 27.8+1.54° 95.9+8.93° 50.4+2.80° 5.57£0.15° 110+5.39° 48.3+1.69°
A CK 15.6+1.25% 85.6+9.30° 46.8+1.49" 6.10£0.10° 131+7.8% 52.1+1.8"
T, 15.1£0.39° 87.1£18.9° 47.9£0.22° 5.90+0.05" 135£11.3% 38.7+4.2°
T, 12.8+0.56™ 97.1£22.8" 42.4+1.07° 4.90+0.14° 109+3.9° 41.7+3.2°
T, 11.5£0.17° 65.8£12.8" 42.6+0.31° 4.58+0.21° 149+£15.9° 27.2+2.9°
T, 11.8£0.56° 62.1£4.73" 41.0+0.47° 4.53+0.28" 125+10.9% 29.7+2.8°
e VB G AR ING AR A BE 25 5 B (P<0.05)
Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).
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Fig. 3 Correlation of nutrient elements in aboveground part of pitaya under different phosphorus treatments
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Fig. 4 Root morphology of pitaya under different phosphorus levels
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Fig. 6 Physiological characteristics of pitaya roots under different phosphorus levels

KEWFRERENH, MY BRI 2> 51 AR
EEAEYVIRER, RN SZ B8 7K - 5 AR A 52 e
MRZ AR K2 o AR R R 512927, PEDRO 4528
WX NE YR RRIES . BRI B S
s B, BT /NERAFTIHHERK |
K. AR AR AR, DING 2P
58 BB 2510 F KB AR R AR KRR R ST I R B
FEARBE PRI KRS ROAR AR Komam, B BERG I,
BRI IRAE T Rl 2 B e, IR AR B R b A= 9
Y42 % . FERNANDEZ % POE 1Pk ke . mH
ZEFN BRI BE )RR 22 5, 3 A AE (R
TR E AR b . HEAR K | AR LB
FIARIE ALY, DL AR 2% B

AbEgErh, Ty ARSI T ke R SR
SARARFWM, 5 Lik/NE . KfE. K=, mH
AR TR 45 10—, ORI I, B
JREEDE + RS AT R, HEREK TN 0.
25,50, 100, 200 mg/kg s&1F0T, M R TE 25 mg/kg
F 50 mg/kg AL@EAKF- T AR FIAR 32 AR GA 21 e
K, X EGARMIE T, AP R A KB B i = K
ML, SHARFAE, 4R T LIA R 3 iR &
Ay bR (RPRAR EE FR AR m A ) |, 12
1 - R R A R A3 R, FETE BRI 2 A 2
IR AR C 8/, MMM (&% AR )
B C MIAEXT A 222 Ty AbBE T ke AR T
BAREK . BRFEH, LB RERERAIY)E
R IR AR A A I BT

REICHERT %M 55 N B MKy, P8 sk
JEARBE Y, FPRETE 3B b T AR R AL
DAAR (B R IR W, 17 78 Hh B TR SR 5
D) ] 3 ol PR Tl A ML R ARG 51 78 e 1 - A A

MIZIR R . AW kB, WARLEMRHEM G 04
T 25 308 R 5365 22 (145 HILTR (AR B ] Fl wfe
VA A 15 23 AL I B R 2R BT P,
W, FORFEACBE IR ST T 2 HEAR R AT IR S I3
KA B pH BRI SRR, wE .
W 55 SR A A AR R A B R AR AL, S
JEF . A MR B B R v ol A A L b
B [ 7 110 X DB AR 2R B B ORI 1 TE ML A
PLEELRO S AW rh, AR R 20U H e B K e
K e SRS B B AR PRERBE A I Ry, 2 kIR
T ROR A 05 A AR BEIERT . ARAYPHEE T3
et (CEC ) J2& 5o 50 MR W BFF 1% BH 25 1 B 40 o
(R, — A S BIAR 2R 14 35 43 W S RE ) 1) i B4
RPTOMR R CEC BB IR ELEE X R BIHIIAR 24 +
HEh BHES T Mk, R AR CEC K, MR AR MR 4 1
W B RS Tt 2, (R de E fm B ARAR 8 11
A7, B T HERRAR B TR MUY, AR CEC Y
Z /> HESEWAEY N E SR TR I RIKEE ), AR
CEC K I 4738 1 #R 2 W i+ 38 rp 1) 35 7R 0 2Rk
2B AR b 4 BE R K O b BT 6 B HR R
CEC & 83 A7E 20~35 cmol/kg ZMH], #KHE
WAEY CEC KeWgdfieS1) B, KT 20 cmol/kg
U RE J155, 20~35 cmol/kg Ky AR I fiE
= T 35 cmol/kg R W BE T R 43 bR ifE R
K TR TSR Ty, SRIM TR BETF, ARAR
CEC &HEBEMT T,. T, M T4, RHMA
(25 W ISCRE 52 3 T — e RE B A Il o

KOE SR E ST, RRIRRI . A
WA B4R, M LR REAR . — G A gl
B0 ok B 34 5 T, YAt eE Kk T ik B
0.1 mmol/L I, BEAL . G M () vk 5 35 3] 06



%54 5]

FHAE s IREEZRAE T RS ZIE 250 A B AR Bl K - B w1 951

BT, 50 v B Ll 2 R T R AR vk B
WEES ., —HKAE T, PR E KT T, 40
B, nlREEth FEEEEM RN E TR, )
SEARBESE A BT E BRI .
32 AEMKELEBESANERM EHBEFT
EHEXMHE

EAMREN, B ZsSEEY TR
i FrER, R Ema ERR T RIEDT
R, WEEY TP ATHEER TR, AF
WO D RSN . R, o AR T R
MO0, B R A I E R HE A T A R R
AR O R YN DXV T A e S R T
AsZ R R g, o B RS T R S I R T
YRR WISORT R, AT 38 0 7 P R £ e
B, BICHEAFR SR, ki sSPTEmR AT
S B H ) TR A i IR 6 o & B ) — it LK
FF, M R R R R R AR,
B 25 (KT I 1R, KO 3B AR 1) — A A
B ERRAR . R T Ty B K Je R A E
B A B AOEAER

ARAFGEFRE, BRI R A BB — AL A7
SR B A T AR R, B2k
FETE R E PR, S Eatm, nlA 2k
AR, Bk AR Bk A SR KU T, QI
25 A 0 A b 4 e 388 1)k R AR i AR W & ik
HAMREmYE . BEERNRES, mIRpE
T, A WFIEEE R R R bR £ 3 ek i
GUO 5N RIF 5T IR 2 BB 37 4015 5 b0 il s 1R
F PHRs k55 50 H T HRZs L[F
T TGS W EAES R, BB =), K
Wil iam it PHRs [A4ZH06] HRZs AUHe %, 23
AR DL 17 #H S JE IR K s, Rk T kR
R ) B s 2, B AR )
T S A BRAE A R P A G RS

oK SR A FRIR Ot S 3 B L AT Y
SO, — AR G A 455 70 2R Z A ) A
KM BT SRR, U B 5 8 Uk B A B A A —
Pk S I IEA G, SRR RS
IR EWAAC, P58 Z REER RN H
VERL, ATRVED AR N i 45 22 A A e 22 71
FAE . AR Rk = B RN B 5 55 22 8] 77
TEARBUAE ), TR 5 S PO 58 T AN R4S
IR P it o 4 2 2 e L 7 e Rl R AR F B
R BACA: X . S ISCAE AR PRI BN o AR ST Hh

BEFNES ¢ RAE A SR BRI, AR &
FELEM IR N St 224 ¢, (B2 BRI HLEH
ANERE, ATRE— 5T

BEFIEE XY A K R BHAIRR I REm . B
YRR TTOET, HEEEYLEER,
S 5 REB R ROG AR, AR L S5 Y
FasePY, A S ST E Wz BT
Bl A ) o R v, KO R AR A B
LT e R AR R A SR R, B
W HEAE# T AUXT . PIN2., PIN3 H{5 5 A4 20
R AR KAy T e, 3 e A K 2R I P L A SR AR
JOITE T 20 SO R R O 1) P, 2 T 90 R AR ) e
KA m A KB, R s T, K S EI
TR MR A A K A g e 1 ), R, AL
BGOBE L L. BEENRY S FRERCEH S50 R
Wi A 5 A 1 B R e

HHp, B-FesbifE LRk 2 HE
Z%, EPUEN 20 e LR RITERL AN 2
AP ARG R, R MR R AR, E
KRR R | BRI IR B R,
WA T B AR T R AR i D, B RHAR R X EE
WS SZ AR (R S ), o SRR B 1 IR i 8

ZE b, RUE L K T o R AR LR A AR K
AP B, RIS 2 ) R AR
8 Ty A0 PR E AN T OB RAE AR . B B555E0T
FHM, AT RE S T SRS R AR, R,
KR TR TR 2%, BT “BAN
R SRR AT I B 0

ARBIF G K e S A 4 A K 3R R R
BT HHSCATSY , BEBE /KPS S w7 & L
Ko, R e R SR MR, A
Rt —25 s

4 it

AN Tr) B8 7K T A BT K SR A AR 1 5% A T i
i, RIS AR AR I 3R RO
Bi: T, hPEARAT, KRB ALSRK . %
MR AHLRR AR R FAc e iR, T,
MEERIAR R AT, HE T e I ®E
5 )

AN TRl K P Ak B K e SR 1 Rl A R i
A TN R S R B W AU B 38 TR B AL B 5
— 7T, BEE B BRGNS W O A
WA K E AR Ty A BRI Ty AL BEXT KR A



952

> 1R o545 %

KMBEmARE, HXA. 85, B 8%

FEFOUEMWCH B TR R R, w5 Xk

HRFERMEREFEERT . MEITRERA
RS
Sk

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

[11]

YUFM,XINMF, YAOY W, WANG X R, LIUK H, LIY.

Manganese accumulation and plant physiology behaviour of
camellia oleifera in response to different levels of phosphate
fertilization[J]. Journal of Soil Science and Plant Nutrition,
2021, 21(3): 1-11.

YU B G, CHEN X X, ZHOU C X, DING T B, WANG Z H,
Z0U C Q. Nutritional composition of maize grain associated
with phosphorus and zinc fertilization[J]. Journal of Food
Composition and Analysis, 2022(114): 104775.

ZHAO D Y, ZHANG Z W, YUAN Y R, ZHANG X L,
ZHAO W F, LI X P, WANG J, KADAMBOT H M. Sid-
dique. Accumulation of zinc, iron and selenium in wheat as
affected by phosphorus supply in salinised condition[J]. Crop
and Pasture Science, 2022, 73(5): 537-545.

FAN B Q, DING J H, FENTON O, DALY K, CHEN S,
ZHANG S, CHEN Q. Investigation of differential levels of
phosphorus fixation in dolomite and calcium carbonate
amended red soil[J]. Journal of the Science of Food and Ag-
riculture, 2021, 102(2): 740-749.

TERENCE R B, JONATHAN P L. Root hairs confer a
competitive advantage under low phosphorus availability[J].
Plant and Soil, 2001, 236(2): 243-250.

LYNCH J P. Roots of the second green revolution[J]. Aus-
tralian Journal of Botany, 2007, 55(5): 493-512.

PAUL J A W, ROGER S B, DAVEY L J, JOHN R H,
PETER J T. Feed the crop not the soil: rethinking phospho-
rus management in the food chain[J]. Environmental Science
& Technology, 2014, 48(12): 6523-6530.

PEREIRA D L, DANIEL G V, CASTELL Z V, QUINONES
A, CALATAYUD A, RODRIGUEZ BA, FITA A. Main root
adaptations in pepper germplasm (Capsicum spp.) to phos-
phorus low-input conditions[J]. Agronomy, 2020, 10(5): 637.
DING J X, KONG D L, ZHANG Z L, CAI Q, XIAO J, LIU
Q, YIN H J. Climate and soil nutrients differentially drive
multidimensional fine root traits in ectomycorrhi-
zal-dominated alpine coniferous forests[J]. Journal of Ecol-
ogy, 2020, 108(6): 2544-2556.

HEYDARI M M, BROOK M R, JONES L D. The role of
phosphorus sources on root diameter, root length and root
dry matter of barley (Hordeum wulgare L.)[J]. Journal of
Plant Nutrition, 2019, 42(1): 1-15.

FITTER A. Characteristics and function of root systems[M].
New York: Marcel Dekker Inc, 2002: 30.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

BINDRABAN S P, DIMKPA O C, PANDEY R. Exploring
phosphorus fertilizers and fertilization strategies for im-
proved human and environmental health[J]. Biology and
Fertility of Soils: Cooperating Journal of International Soci-
ety of Soil Science, 2020, 56(3): 299-317.

REBECCA K M, DAVID A V S, DAVID H M. Semidwarf
winter wheat roots contain fewer organic acids than wild -

type varieties under phosphorus stress[J]. Crop Science,
2021, 61(5): 3586-3597.

WANG S Q, HAN X Z, QIAO Y F, YAN J, L1 X H. Effects
of low molecular organic acids on nitrogen accumulation,
nodulation, and nitrogen fixation of soybean (Glycine max L.)
under phosphorus deficiency stress[J]. The Tournal of Ap-
plied Ecology, 2009, 20(5): 1079-1084.

LIU D. Root developmental responses to phosphorus nutri-
tion[J]. Journal of Integrative Plant Biology, 2021, 63(6):

1065-1090.

JIANG H T, ZHANG W L, LI X X, SHU C, JIANG W B,
CAO J K. Nutrition, phytochemical profile, bioactivities and
applications in food industry of pitaya (Hylocereus spp.)
peels: a comprehensive review[J]. Trends in Food Science &
Technology, 2021(116): 199-217.

AR, FO0E, #X%E. hEEYRTE 2002(M]. b

at AERURAF B 2 A, 2002.

YANG Y X, WANG G Y, PAN X C. Chinese food compo-
sition table 2002[M]. Beijing: Peking University Medical
Press, 2002. (in Chinese)

ZEE. R A EAEIM]. JEEG RSEEUE I RAE, 2012,

LI W. Plant physiology[M]. Beijing: Higher Education Press,
2012. (in Chinese)

NIU F H, ZHANG D L, LI Z H, IERSEL W V M, ALEM P.

Morphological response of eucalypts seedlings to phospho-

rus supply through hydroponic system[J]. Scientia Horticul-

turae, 2015(194): 295-303.

B+ H. e IM]. 3 M. JEEE: Ol AL,

2000.

BAO S D. Soil agrochemical analysis[M]. 3 ed. Beijing:

China Agriculture Press, 2000. (in Chinese)

ki, mifh, SR, Bk, 294, ERIE, EITR, sk,

Bz, SMEHERRALHE K e AR F A KRR i 1],

PAHEVEIAA, 2022, 43(7): 1440-1449.

YANGY Z, GAO W, GAO X, ZHONG L, L1 J, WANG C B,
WANG D Z, ZHANG K, RUAN Y Z. Exogenous glycine

promotes pitaya (Hylocereus polyrhizus) root growth and
nutrient absorption[J]. Chinese Journal of Tropical Crops,

2022, 43(7): 1440-1449. (in Chinese)

KARLOVSKY P, STEINGROBE B, RATZINGER A,

HETTWER U, KHORASSANI R, CLAASSEN N. Citrama-

lic acid and salicylic acid in sugar beet root exudates solubi-

lize soil phosphorus[J]. BMC Plant Biology, 2011, 11(1):



%54 5]

FHAE s IREEZRAE T RS ZIE 250 A B AR Bl K - B w1

953

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

121.
LIJ F, ZHANG S R, DING X D. The combined application
of biochar and high phosphate fertilizer promoted the mobi-

lization and redistribution of cadmium in rhizosphere soil[J].

Journal of Environmental Chemical Engineering, 2022, 10(3):

107482.

ERhdn, FlEK, £, @A, #EE. BiikE IBA
b XY A IR R A XA A K ] T 5 X
7%, 2022, 39(1): 230-239.

WANG JJ, YAN HB, WANG Z X, XIE T T, YANG X Q.
Effects of root cutting and IBA treatment on the root quality
and growth of Ammopiptanthus mongolicus seedlings[J].
Arid Zone Research, 2022, 39(1): 230-239. (in Chinese)
SCHIEFELBEIN J W, BENFEY P N. The development of
plant roots: new approaches to underground problems[J].
The Plant Cell, 1991, 3(11): 1147-1154.

BROWN L K, GEORGE T S, THOMPSON J A, WRIGHT
G, LYON J, DUPUY L, HUBBARD S F, WHITE P J. What
are the implications of variation in root hair length on toler-
ance to phosphorus deficiency in combination with water
stress in barley (Hordeum wulgare)[J]. Annals of Botany,
2012, 110(2): 319-328.

JAMES R A, WELIGAMA C, VERBYLA K, RYAN P R,
REBEZKE G J, RATTEY A, ALAN E R, EMMANUEL D.
Rhizosheaths on wheat grown in acid soils: phosphorus ac-
quisition efficiency and genetic control[J]. Journal of Ex-
perimental Botany, 2016, 67(12): 3709-3718.

PEDRO M D S C, MEIER S, MORALES A, BORIE F,
CORNEJO P, ANTONIETA R, SEGUEL A. Root traits dis-
tinguish phosphorus acquisition of two wheat cultivars
growing in phosphorus-deficient acid soil[J]. Rhizosphere,
2022(22): 100549.

DING Y, WANG Z G, REN M L, ZHANG P, LI Z N,
CHEN S, GE C L, WANG Y L. Iron and callose homeostatic
regulation in rice roots under low phosphorus[J]. BMC Plant
Biology, 2018, 18(1): 326.

FERNANDEZ C M, RUBIO G. Root morphological traits
related to phosphorus-uptake efficiency of soybean, sun-
flower, and maize[J]. Journal of Plant Nutrition and Soil
Science, 2015, 178(5): 807-815.

Wiz, ki, HR, BEIR, i, Biad. AR
X K SR A K R SR B R R (1], AR
2, 2021, 42(10): 2909-2914.

CHEN C, YANGY Z, GANL,LYUL W, GAO W, RUAN
Y Z. Effects of different phosphorus supply levels on the
growth and nutrient absorption of pitaya seedlings[J]. Chi-
nese Journal of Tropical Crops, 2021, 42(10): 2909-2914. (in
Chinese)

BHADORIA S P, DEBASMITA S, SATNAM S, BERND S,
CLAASSEN N. Significance of Pinflux and root growth in P

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

acquisition at different growth stages of maize, wheat and
groundnut grown in a p-deficient alfisol[J]. Journal of the
Indian Society of Soil Science, 2019, 67(1): 73-84.
REICHERT T, RAMMIG A, FUCHSLUEGER L, L
LAYNARA F, QUESADA C A, FLEISCHER K. Plant
phosphorus-use and acquisition strategies in Amazonia[J].
The New Phytologist, 2022, 234(4): 1126-1143.

Fm, N, REGARTESFR G W RHE SRR
FERL R4, 2001(3): 1-4.

WANG M L, YAN X L. Characteristics on root morphology
and root exudation of soybean in relation to phosphorus effi-
ciency[J]. Journal of South China Agricultural University,
2001(3): 1-4. (in Chinese)

SARKER B C, KARMOKER J L. Citric acid exudation and
root growth of maize seedlings (Zea mays L.) under
P-defucuent condition[J]. Bangladesh Journal of Botany,
2016, 45(5): 979-985.

LYU Y, TANG H L, LI H G, ZHANG F S, RENGEL Z,
WHALLEY W R, SHEN J B. Major crop species show dif-
ferential balance between root morphological and physio-
logical responses to variable phosphorus supply[J]. Frontiers
in Plant Science, 2016, 7(1): 1939.

HOWIRS, R, SME. SZUEY A2 IM]. BUM: WL
Ry, 2011,

ZHENG B S, ZHU C, JIN S H. Advanced plant physiol-
ogy[M]. Hangzhou: Zhejiang University Press, 2011. (in
Chinese)

BN, BB, WEME, L, EEE AR
st P AR R XG4 3 1 2E B I [7]. R SR, 2010,
29(5): 800-803.

LI X T, WANG W, JIANG C J, LI C H, CAO M J. Root
biological responses of low potassium tolerance and sensi-
tive soybean varieties to low-potassium stress[J]. Soybean
Science, 2010, 29(5): 800-803. (in Chinese)

A, kg, B, B, £, Rag. AREM
LR BUARBRAPE 2 AR REEDTIE (). H3°A4R, 2009,
46(4): 646-651.

YANG T Z, YANG Z X, LIN J, ZHAI Z G, WANG X, ZHU
Y J. K nutrition in rhizosphere and characteristics of roots of
flue-cured tobaccos different ingenotype[J]. Acta Pedologica
Sinica, 2009, 46(4): 646-651. (in Chinese)

FEME, EBEWE, Wm0, FArRE, . BB 1ORR
2RI R L S A SR D], Al TR, 2021,
37(17): 82-89.

QI P, WANG X J, GUO G W, CAI L Q, WU J. Effects of
subsoiling tillage on N/P ratios in roots, stems, leaves, and
aboveground biomass in maize[J]. Transactions of the Chi-
nese Society of Agricultural Engineering, 2021, 37(17):
82-89. (in Chinese)

WY, MM, T&, DHFE, KT, ZREEEA



954

#

r—:f};;

o

1k i

8

445 8

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[ PE U HE 1 7 A 7 PR R OB IR A B SR (0], Bl 2
2, 2019, 28(9): 55-66.

MIAO X R, SUN Y M, YU L, MA C H, ZHANG Q B. Ef-
fects of nitrogen and phosphorus fertilizer rate on hay yield
and nutritional quality of alfalfa under dripirrigation[J]. Acta
Prataculturala Sinica, 2019, 28(9): 55-66. (in Chinese)
Wi, 2500, 5T, A%k, W AL B BEAESxT
HE =R [)]. SRR, 2009, 40(5): 1119-1122
ZHANG Q Y, LI Q, JIANG Q, LI S X, LI M. Influence of
interdependent effects of N, P and K fertilizers on the lico-
rice yields[J]. Chinese Journal of Soil Science, 2009, 40(5):
1119-1122. (in Chinese)

MADHIYA M, MAJEED Z S, PARVEEN A, UNEEB U,
REETIKA M, AHMAD B S, ALI D T, KI. Morphological,
biochemical, and proteomic studies revealed impact of Fe
and P crosstalk on root development in Phaseolus vulgaris
L.[J]. Applied Biochemistry and Biotechnology, 2021,
193(12): 1-17.

QITM, LUSY, ZHANG S F, BAI X, CHEN J, HUANG M
J, LIU M Z. Zein coated porous carboxymethyl starch fertil-
izer for iron promoting and phosphate sustainable release[J].
Journal of Cleaner Production, 2020(258): 120778.
NANTHANA C, CHANAKAN P U T, NADIA B, BENOIT
L, HATEM R. Individual versus combinatorial effects of
silicon, phosphate, and iron deficiency on the growth of
lowland and upland rice varieties[J]. International Journal of
Molecular Sciences, 2018, 19(3): 899.

GUO M N, RUAN W Y, ZHANG Y B, ZHANG Y X,
WANG X Q, GUO Z H, WANG L, ZHOU T, PAZARES J,
YI K. A reciprocal inhibitory interplay between phosphate
and iron signaling in rice[J]. Molecular Plant, 2021, 15(1):
138-150.

DING W L, CLODE P L, CLEMENTS J C, LAMBERS H.
Effects of calcium and its interaction with phosphorus on the
nutrient status and growth of three Lupinus species[J].
Physiologia Plantarum, 2018, 163(3): 386-398.

FREAE, 7RI%, 5K58, IR, B, X, &FE. 8.
S ESIC G SR s TS A R[], A E SRS
AERk4R, 2005(2): 236-242.

CHEN M C, XU X J, ZHANG Q, YANG Z P, CHENG B,
LIU P, LI L. Effects of the phosphorus, potassium cooper-
ated with calcium on Ca absorption of tomato in green-
house[J]. Journal of Plant Nutrition and Fertilizers, 2005(2):
236-242. (in Chinese)

TR, WIS, EOCHE, Edm, R, TR BEXTKERA:
FeA R K BT R S [T]. A SRl
iz, 2015, 23(10): 1244-1252.

SU Y J, HU X T, WANG W E, WANG R, ZHANG D,
QIAO Y. Effect of phosphorus on dynamic growth and nu-
trient absorption of hydroponic lettuce[J]. Chinese Journal of

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Eco-Agriculture, 2015, 23(10): 1244-1252. (in Chinese)
RRR, KA, FIBEE, A5, NI AN G HBERIES
AR . PR RS ARG )], R Ak,
2021(1): 187-192.

SUO Y Y,ZHANG X, SIX Z, LI L, YU Q, YU H. Effects
of phosphorus and calcium applications on the growth, yield,
and phosphorus and calcium use efficiency of peanut[J].
Crops, 2021(1): 187-192. (in Chinese)

CHEN Z C, PENG W T, LI J, LIAO H. Functional dissec-
tion and transport mechanism of magnesium in plants[J].
Seminars in Cell and Developmental Biology, 2018(74):
142-152.

ISMAEL D J M V, WALDEMAR P, RUBSON D C L,
RODRIGUES G J, EDUARDO D V L, BASTOSDMG S,
SHIGUERU O R. Phosphate, potassium and magnesium fer-
tilization on oil palm productivity: 12 years of monitoring in
the Brazilian Amazon[J]. Journal of Plant Nutrition, 2022,
45(14): 2189-2201.

MOREIRA R A, DA CRUZ M D C M, FERNANDES D R,
DE BARROS SILVA E, DE OLIVEIRA J. Nutrient accu-
mulation at the initial growth of pitaya plants according to
phosphorus fertilization[J]. Pesquisa Agropecuaria Tropical
(Agricultural Research in the Tropics), 2016, 46(3): 230-237.
AAUl, T, ERRE, EAR. IR R R e
WS R AR B IT R [D). h RS IRk, 2022(5):
211-216, 250.

ZHU X R, JIANG R, LIAN Y W, HUANG C D. Review of
the interactions between magnesium and phosphorus nutri-
ents in Fertilizer-soil-crop system[J]. Soil and Fertilizer Sci-
ences in China, 2022(5): 211-216, 250. (in Chinese)

NIU Y F,JINGL, LI X, TANG C X, ZHANG Y S, LIANG
Y C, YU J Q. Phosphorus and magnesium interactively
modulate the elongation and directional growth of primary
roots in Arabidopsis thaliana (L.) Heynh[J]. Journal of Ex-
perimental Botany, 2015, 66(13): 3841-3854.

F5. B PEHEPUE W K PEE SRR ERIIE[D]. EK:
PHRI R, 2018.

WANG Y. Effects of phosphorus and zinc antagonismon the
nutrition of maize zinc[D]. Chongqing: Southwest University,
2018. (in Chinese)

ZHANG W, CHEN X X, LIU Y M, LIU D Y, CHEN X P,
ZOU C Q. Zinc uptake by roots and accumulation in maize
plants as affected by phosphorus application and arbuscular
mycorrhizal colonization[J]. Plant and Soil, 2017, 413(1/2):
59-71.

YANG X W, TIAN X H, LU X C, CAO Y X, CHEN Z H.
Impacts of phosphorus and zinc levels on phosphorus and
zinc nutrition and phytic acid concentration in wheat (Triti-
cum aestivum L.)[J]. Journal of the Science of Food and Ag-
riculture, 2011, 91(13): 2322-2328.



