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Effects of Phosphorus Addition on Biomass and Root Plasticity of Different
Alfalfa Varieties

FENG Zi-xuan, XU Zi-ying, MA Hong-yan, JING Jing-ying’
(College of Grassland Science and Technology, China Agricultural University, Beijing 100193, China)

Abstract: To investigate the responses of alfalfa root morphological traits to phosphorus supply, a total of 31
plant materials were selected comprising 30 varieties of Medicago sativa l.. and one variety of Medicago falcata
L., and three levels of phosphorus addition treatments were set up at P; (5 mg-kg ' KH,PO,), Py, (20 mg-kg ™
KH,PO,), and P;, (50 mg-kg ' KH,PO,). To screen low phosphorus tolerant alfalfa varieties with high phos-
phorus use efficiency, we measured the aboveground and belowground biomass and root morphological indices
for the 31 alfalfa varieties. The results indicated that the aboveground and belowground biomass of alfalfa were
lowest under P; treatment. With increasing phosphorus supply, the aboveground biomass of alfalfa significantly
increased, reaching its highest level under the P;, treatment. Under the P,, and Py, treatments, the root biomass
of alfalfa was significantly higher than that under P;, but there was no significant difference between P, and Ps.
However, the root morphology showed significant variation among different varieties. Among them, ‘HD’
‘Algonguin’ ‘Magna Graze II’ and ‘Longmu 801" had higher biomass than other varieties, and exhibited
greater root morphological plasticity with higher root length, root volume, root surface area, and root diam-
eter, which demonstrated tolerance to low phosphorus condition. The results provide a scientific basis for opti-
mizing alfalfa cultivation and improving phosphorus fertilizer utilization efficiency.

Key words: Phosphorus level; Alfalfa; Root morphology ; Phosphorus-efficient varieties

75 B H#3:2025-04-11; & B H #3:2025-06-06
B2 R kAR A S AR 4% (0 % 5 [ B B A 5246 28 35 H (2024 YFE0105000) % )
{EH B 0 8 (2002-) , Lo, DU, DU AR N A0 = 5% A=, 32 2 A= i 2B 7= 5 R 9%, E-mail: 15228827090@163. com; *38 {5 fE #

Author for correspondence , E-mail : jingying.jing (@cau.edu.cn



%28

T B AR AN O XS A [ it T A A ek SR R T B ) R ) 393

A e — M 2 AR R LR BRI L B
R A RO VR SERR Y R
B e AR D KA B A )Tz A T A AR R
b A5 s, PR WA L 3SR AR D R B AR 4
] 0 L PN K T AR AR X B O 1 R R A B R L
HOE AR o WY KR T A AR
BRILRZ -, A5EYTEMNO 20, AMURE
R BN A ATP 25 8 0 1 I Rl o), i 2 5 5
) 8 52 LR — AR AR AR A IR e B
A BB R TE AL P AROE 20 TR A AT HL I
8 A T AT DL AR ME B A B e M T, &
B R A R R, BRI TR X B AR A I
WO TR S o HG 7 R IR B AR R B, 4
i B IS T A R g A A A (EL AL Y O A
MAIHA R Z s IR . 8 Je , B AL A 457 22t 23 0
PR0E 3 T G, 3 K R R R AE S O, B AR
FIRICRAR , 355 28 Kl 2 B R 22 % fu i
BE AN, Rl AL B B A J2 AN T A U T TR T I
BT IR A S A PR PRI R R A W e RO
IR BER S 38

L0 A O X ARl 3 R 2 SR BOAS [] £ 54 g >R
A& v W WSO A IR e T AT Ll E AR A
B BT R 0 A Bl 23 TC LA K 0 Tl #9455 B I 1] ok
P& [ B R BERI &R S X E A A B R
KR EFRITR  REAE I E A B A
Berg & "R E b |, B A 0E A LR
(1 38 B A B A R AR O HLRE A8 e 2E A6 AR
R M A OB e T R R 2 B
H MR RIEA KA, Sun 51 (1 BIF 5T IE S5 AR 7R R
SR TR A WS Y SRR R IR R BT S 6
AN EEAEE A R BT ST A AR R 25 45 H R Al
TE P W A A [ e DR R 5 A8 AR 2 R A A 22 5,
Hh R AR A0 A B AR B T A
FA AN ERREAR . EH L% 6 A i Y B A LE AN TR
WK B9 52 v A BEAS [8] a0 A AR B 25 4
s e KB g /MR AS [ # KSF T HBL, B gl il 2
()7 AR 22 59 o AR, AN [R] ity Aol 68 7 0 i (38 37 5 58
F18 ) 7 2 S5 v S BT AR, A R 2 AR I 3 T A5 R AR
Py AR FOE MR 22 5 905, 3k SR AT S0 T i
P B (R S R DR R R U SPQ F 3

T2 TR AN (R b A e LA ]
IO K B 25 S, B i AL R 48 B4l 3R AR IO M) T 2k
R I T R O R A S DR A A 5 R R Bk 1Y

IA] 0, A F 5858 2 0 30 A4S 58 4E 4 (Medicago
sativa L) F AT 1A~ 8 78 B 45 (Medicago falcala
L.l B e = Rl Bk T AR RO B e AT 0F 5T
T 07 UG Wl o R A R, O S 2 T R R
DX R A RN R B e A5 b B A RO it R R
&L

1 HB57E

1.1 R
BB RE D 30 A S AL A b Bl LA R 1A B AE
N7 bl AHSCAR BN 1R .

®1 #LEERMER

Table 1 Varieties used in the experiment

IniRLE R GREAS R R

Number Name Abbreviation Origin
1 HX Aohan AH #1[H China
2 H4 35 Gannong No.3 Gn3 #1[H China
3 7 4% Gannong No.4 Gnd 1 China
4 HfE% /% Neimeng Zhungeer 7GE 1 China
5 4 9% Gannong No.9 Gn9 1 China
6 4 5% Gannong No.5 Gn5 #1[E China
7 24803 Longmu 803 803 J1E China
8 45 1% Nongjing No.1 Njl f1[E China
9 AR 25 Gongnong No.2 Ggn2 #1[H China
10 T 806 Longmu 806 806 J1E China
11 5 Phabulous HG %E USA
12 HH 15 Zhongmu No.1 M1 #[H China
13 [ f 7 Magnum 7 IN7 % USA
14 HH 45 Zhongmu No.4 M4 HH1H China
15 HKE % Qingshui gsmx 1 China
16 3010 3010 BILIfR 75 K UAE
17 HH 35 Zhongmu No.3 M3 #1[H China
18 % H 1% Dongmu No.1 DM1 1 China
19 WL343HQ WL343 E[H USA
20 =HHH) Sanditi sdl %[ USA
21 WL354HQ WL354 % USA
22 4030 4030 & X Canada
23 W75 M 4 Algonguin argj MK Canada
24 BT Sickle alfalfa HHmx HH[H China
25 91 AC Caribou xl & X Canada
26 [l #% . Tenggeli gl f1E China
27 JE #0801 Longmu 801 801 F1E China
28 Magna Graze I1 MG % USA
29 F4ib Rambler HD E[E USA
30 15 1% Spyder shd f1[E China
31 Rl 55 Sardi 5 SD YA Australia

1.2 REi&it

A YR 55 2R B A5 AR5, 4 398 SRy der b il ] 52 56
w4 H 43 P AR 425 mgkg LY TR
VeI TS R o AR E RCT i 2 mm i .
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Table 2 Results of two-way ANOVA for dry mass among 31 alfalfa species and three soil phosphorus (P) treatments

i WAL B P treatment Sl Variety Sl OB AR BV ariety X P treatment
Index df F P df F P dr F P
#1 1 3#4>F F Shoot dry mass 2 732.216  <C0.001 30 3.478  <00.001 60 1.972 <0.001
1R #8543 T3 Root dry mass 2 248.553  <<0.001 30 3.298  <00.001 60 2.541 <0.001
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Fig.1 The shoot and root dry mass of 31 alfalfa cultivars

I P %R 5 mg-kg 'KH,PO, #Y B K 2 3, P, 78 20 mg- kg 'KHL,PO, A8 K F4b B, Py %R 50 mg-kg 'KH,PO, (K V- 4b B, R [l .

AT NG FoREFR R ZAS T BEKPR B A 09 AP a2 S 13 (P<20. 05)

Note: P; is the treatment of 5 mg-kg™ ' KH,PO,, P, is the treatment of 20 mg-kg™ ' KH,PO,, P, is the treatment of 50 mg-kg ' KH,PO,, the

same as below. Different lowercase letters indicate significant differences between the biomass of alfalfa was significantly different under three dif-

ferent phosphorus levels at the 0. 05 level
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Table 3 Analysis of variance on the effects of phosphorus levels and varieties on root traits of alfalfa

AR B M WAL B P treatment il Variety AR X AL B Variety X P treatment
Traits df F P dr F P dr F P

#3e b Root shoot ratio 2 9.476 <<0.001 30 0.597 0.955 60 0.573 0.995
1 Root length 2 279.726 <<0.001 30 3.452 <<0.001 60 2.234 <<0.001
RFEW A Root surface area 2 190.844  <<0.001 30 2.705 <<0.001 60 2.049 <<0.001
e E 42 Root diameter 2 11.285 <<0.001 30 1.841 0.006 60 1.443 0.027
HAAFT Root volume 2 44.783 <<0.001 30 1.394 0.089 60 1.174 0.197
HR4121%% B Root tissue density 2 0.140 0.870 30 0.782 0.788 60 0.784 0.871
FE# K Specific root length 2 3.421 0.034 30 1.054 0.395 60 1.195 0.172

STANT A i B AR 3R MR A A 8] 1) 5 7K O T A7
FEFPE 22 5 (R 2) . B8 AR GE L AE =B AL B R
FHH 25 7 P AL HE R MR b A AR S5 R
0.30~2.84, H: ¥ “Gn4’ ‘Gn5’ ‘SD’ ‘806" ‘tgl’
‘DML’ 45 i Bl 78 AR B 25 18 Ps B (9 AR el U R, P
Ab BT A AR R L AR S LA 0. 40~1. 08, Py AbBER
MR 56 HE A 28 SV L 0. 40~0. 70CHE 2a) . R K7
ST YR B EER EPAH T A
MK B 78 536 Bl 7.38~62.27 m, H & ‘HD’
‘arg]’ ‘MG’ 801" ‘Ggn2’ ‘sdl’ B # K , 78 Po, 4b B
T 7AF 5 Bl A 40.03~89.63 m, 1E Py 4b H R K
48.80~120. 67 m( & 2b) . MR AKFLFE = 4> 7K - 1Y B
Ab BRSO 25 5, P A B AR MR R AR SR
Bl # 0.23~4.09 cm®, ‘DM1’ ‘“HD’ *WL343 2 &,
ol A0 AR A BHAE P A BB R IR AC AT, Poo Ab R AR A
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AR Y 78 S35 Bl R 2. 60~5. 70C & 2¢) o 4R 26 1 R
1€ Py 4b 3R 1y A8 53 B A 5. 33~532.89 em?, H
‘HD’ ‘MG’ ‘801" “argj’ “sdl’ ‘4030 A4 AR 3 i FR7E
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845.96 e (& 2d) o AN [A] i A Y AR 1 428 A Py Ak 3
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MR, Poo A T Y 72 5 5 [ 24 0. 74~2.03 em, 1E
P b ¥R A AR FIE A 0. 84~1. 81 e (& 2e)

2.3 AEBEKETRZREEREHEXME

P31 AN EE SR 5 AR R MR A M bR
A Y i AT AR OGRS AT (L 3D, R B PR R,
Mo b ESE Y R SR T E R W E A G (P<
0.00D), 5 MK MR Fm A2 B FIE M (P<
0.0 ;M TEEMK MEMM AR ER B FE
IEAH G (P<C0. 00D s i K 5 R A MR H 42 2 i)

3 TEAR G (P<C0. 001 s AR R T AR 5 A B A S 1
FAEAH G (P<0.001) (J 3a) o FE Py db B R L 4 I
T 5 bR AR 4120 B 2 A A AR AR MR A
FE A (P<<0.00D) , #b N & AE Y & 5K AR %
TR MR AR S A 2 TE A DG (P<<0. 001D, 5 MR 4
25 i L 2 E A 6 (P<T0. 05) s AR K 5 ML 2H 41 %%
R A OE 6 & (P<<0.05) (& 3b) . 7E Py Ak
BN M A S R R T R A G
(P<0. 001, 5 M4 Fi AR 2 1 AR L2 B 3 1F AH 56 (P<<
0.05) 5 i T 5 5 MK A 2% B 2 B I 25 1E A O
(P<<0.00D, 5 A& AN HERE R FEMX
(P<<0.05) ; MR SRR M R B 2 P& EAH
K (P<C0.05) ; i R i A 5 R B AR 24 8 35 R A G
(P<<0. 001 (& 3¢,

2.4 AEEEAMRAERBEIFARESIEMN
241 BMHATRE A BRAREERRES
A AT AE PAREE S5 4 X 314 AN R E 4
an P HEAT BB A 5 AN SR, A BilAR ek
IO, IV, V&S 28 1 28445 °Gn3” *Gn9’ *Gnd’
‘zge’ X AP IZ R BE I S A E K AR B AR RIE
AP PRAR R IR AR 55 11 288 WL343” iz st Fl i I
A T AR AR R A ARG LU AR AR
ARG RIS S 5 I AL 45 84N B 4 a4
Sk ¢Gn5” “Njl’ ‘8067 ‘gsmx’ ‘HG’ ‘HHmx  ‘xI’
‘SD’ SRR L T A ARG AR SR T A AR 21 21
W RARAR B . 25 T, 11, I JERERY I 78 5 Rl 310
J& TSRS B AR T A . 55 IV SR 1440
T A, 2y 9k CAH CIN7’ ‘DML’ “3010° 8037
‘Ggn2’ ‘ZM1’ ‘WL354° ‘tgl” ‘ZM4’ ‘sdl’ ‘4030
“sbd” ‘ZM3’ IZK B M AR Y R R AR AL
R ZH 2% i AR AR A i, AR s h B T AR
i AR 0 B R Ak s AP . BE OV 2R CHD fargy’
‘8017 ‘MG ik 44> B A& b Bl Z S HE I A 1 AR K 4



%28 T RS A R AN TN AR [ it o A A 0 ek R R T I 4 397

(3.0 oF (b) 140
L 4 s
. @ P,
25k ¢ : VPso 120 !
210 : : . 100
B, i £
g : ¥ - v 80r:
BEIsEL 1l g i =5 :
%"’ R . . . = 60_::
5 $ 18 ¢ 10 o o @ g :
S Pigd Qe it T %o% & :
Z10[e ledg (89 i gt a0l
’ ‘e . . [ ] .
e :
0.5 H 20}
poliiiiiiiiiiiis : 0
P e 21 9070 £ S FO U Ty BT TR oo T
GO NG mé@“gmz—a SE WEEwwéﬁﬁéggEmgm EERE V’Eog 5?2—5 gg ﬁ<§%§5ﬂ3§§3§:gﬁ
= = = =
(c) 14 (d) 1000
12F
°
: 800
10} :
% "
3 8 : e | K3 600
= : =2
X2 vl
=g ® 3
2 %‘5 400
& &
200
0

QT DA KO0 KOS TS BT = OIS OO 5
EEeXAn o s &@23@ oS oSS =
BB NS gooo gEZZ_E go m<§oooo LBE NEgEIg =

7S
|

1

WE
Root diameter/cm

QT PR KOO KOS H S BT o =S S OUONS 5
S te XA g o s — HOSERTSSS SeE— X
EC S 2 ”’EE““OE“"ENSE% 8

2 AEHBMAETINAEERMORBE RKRERBRERMRER
Fig. 2 Root shoot ratio, root length, root volume, root surface area and root diameter of 31 alfalfa varieties under different phos-

phorus treatments
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Fig. 3 Correlation between different forms of alfalfa under different phosphorus treatments
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root diameter; RTD stands for root tissue density; * , ** and *** stands for P<<0. 05, P<C0. 01 and P<<0. 001, respectively
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Fig.4 Heat map of root morphology cluster analysis of different alfalfa varieties under phosphorus stress
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Table 4 The Comprehensive evaluation of root morphological

indexes of different alfalfa varieties underphosphorus stress

B Variety £85I { Comprehensive value  fE/F Order

HD 0.908 1
argj 0.760 2
801 0.745 3
MG 0.720 4
4030 0.667 5
shd 0.644 6
ZM3 0.641 7
sdl 0.622 8
ZM4 0.598 9
tgl 0.574 10
Ggn2 0.572 11
3010 0.560 12
WL354 0.546 13
803 0.538 14
HG 0.533 15
ZM1 0.532 16
DM1 0.532 17
AH 0.526 18
IN7 0.471 19
806 0.470 20
qsmx 0.417 21
Njl 0.412 22
Gnb5 0.401 23
SD 0.332 24
x1 0.322 25
Gn4 0.276 26
WL343 0.273 27
HHmx 0.244 28
ZGE 0.224 29
Gn3 0.184 30
Gn9 0.110 31
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