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Effects of low phosphorus stress on photosynthetic and chlorophyll
fluorescence characteristics of alfalfa with different root types

XIA Jing, NAN Lili, CHEN Jie, MA Biao, YAO Yuheng, HE Haipeng, ZHANG Zelong

( College of Pratacultural Science , Gansu Agricultural University, Key Laboratory of
Grassland Ecosystem, Ministry of Education, Lanzhou, Gansu 730070, China)

Abstract: To explore the responses and adaptability of leaf photosynthesis and chlorophyll fluorescence of dif-
ferent root-type alfalfas under low phosphorus stress in the first year and the following year, a pot experiment using
three root types of alfalfa of creeping rooted Medicago varia Martin ‘ Gongnong No.4’ | tap rooted M. sativa ‘ Long-
dong’ , and rhizomatous rooted M. sativa ‘ Qingshui’ as the experimental materials was conducted. The effects of
low phosphorus stress on photosynthesis parameters, carotenoid content, chlorophyll content, and chlorophyll fluo-
rescence parameters were studied. The results showed that the chlorophyll a, chlorophyll b, carotenoids and chloro-
plast pigment content, photosynthetic and fluorescence parameters of alfalfa of different root types were reduced un-
der low phosphorus stress, compared with the normal the decrease rate was between 2.9% ~47.9%, 2.1% ~47.8%,
8.1%~57.8%, 2.6% ~7.8%, 0.5% ~60.2%, and 1.1% ~ 52.0%, respectively, indicating that non-stomatal
factors limited the photosynthesis of alfalfa under phosphorus stress. The photosynthetic performance of alfalfa plants
was weakened by the destruction of the photoreaction center of alfalfa plants under low phosphorus stress. The inter-
cellular CO, concentration, water use efficiency and non-photochemical quenching coefficient of alfalfa increased by
2.9%~12.2%, 10.0% ~96.5% and 5.7% ~27.4%, respectively. The chlorophyll a, chlorophyll b, carotenoids,

chloroplast pigment contents, net photosynthetic rate, stomatal conductance, and stomatal limitation value of rhizo-
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me alfalfa were most affected in the first year and the following year, which decreased by 47.9%, 47.8%, 57.8%,
47.8%, 37.5%, 22.1%, 19.8%, and 16.6%, 24.5%, 16.6%, 19.0%, 35.4%, 54.2%, 24.2%, respectively.

From the point of view, tap rooted and creeping rooted alfalfa showed greater resistance to low phosphorus stress

than rhizomatous rooted alfalfa.The correlation analysis further showed that the structure and physiological state of

PSII system in alfalfa leaves under low phosphorus stress were damaged, and chlorophyll was decomposed in large

quantities, which inhibited photosynthetic electron transport and hindered photosynthesis.

Keywords: low phosphorus stress; alfalfa; root type; photosynthesis; chlorophyll fluorescence

BEREDAERK AT LR ERITRZ—, I
ZMIEX S SHYEN &R EDER N, B
15 ( Medicago sativa) 72 T 5 F AR5 AR R B e
IR POl A ™ AN AT s AR ) 8 1 9 IR A
ke S L) I A A AR R 10~ 15 mg, T %
TS RN 2.4 mg - kg™ A BET L
IER AR . #egeit, A 1.07x10° hm® 4L [H
A 50% BB Hb 1+ S8 AL & AR T S mg -
kg™ AR A 7 v AR A it P 8 T R R 7 A AL
AR AL AN m B BE U, 7R SR 50 ~ 200 45 i
Ik H e A AR5 25% B R REBED
WA KB R 5 2 4 3 F (40 AL
Ca Fe 55 ) N 1 3EFRIE OMER PEER | 8 3 TC
BN« RIRWEPE” . TEREK FNEEAE TR, — &84 7T
P PERRIR G 23 0 AOKAR S| KR &8 Fo b R R
AR SR I R R R AR T i
FEAAN | L Wl R A 0 | 2B 7 AR B4 I, 38 2 T 3
PTG AN,

ARG EERR EZAE, TN AR N
AH T2 SAE PR 5 B 5 14T ) o A8 46 TN g o % 33 1Y)
i, MHRRIS S BRI TEAE A Y aa
TR A HAE PRI N IR TSR,
w0 B2 M R OC A AVE R, 4 a
MRERER b R N R AR SR KRIOE RSO Bk
T PR RS PR e F R TR B
T 22T K1) 43 AR ZE 7Y ( Rhizomatous rooted ) (Hi2
BER ( Creeping rooted ) . FLHR 7 (Tap rooted ) . fill AR Y
(Branch rooted)4 25" | XA RIAR AL A5 HORF ST £
FEIZEXFE SR T B IR B AL 2E R AR AR B
fiEt™ MREFRAN T REMG T ANERES
N Y AR B 1) DI S S IR 7 1 SERT N
[ ARSI 566 e i S 3R D0 R 1 1 F 5 fif
WARE . UL, AR 5T LA [F] AR Y 7 o 44k,
FEARBE B 5 4G Fh 25 4R SR KA AR R MR A A
ROt E LR VO EEE T8 bR, WA AR ELH
TEPURBEAL R E S P AR L 225 B A& HT
WHVE IR = AR R AT R

1 ARSIk

1.1 R

PR MARZETY 7K 2246 E 18 ( Rhizomatous
rooted M.sativa ¢ Qingshui’ , QS)  ELAR AY “ [l 7 ° 54k
44 (Tap rooted M. sativa ‘ Longdong’ , LD) FIAR EER!
CNAR 4 5 J4 A B fE ( Creeping rooted M. varia
Martin ¢ Gongnong No.4’ , GN) , H:Ff ¥4 b H it &
M K2R 2= B AR AL
1.2 REeigit

KPR, A 4 L KR
WY 15 kg( 5 40 em, IKAR 20 em) ,# HeClL %W
THTEJE I B 18 7 S ST TAE A IR E Y 1.5
em, BERE 2 d BEZEGEHE 500 mL Hoagland 5 FR W, £F
WA TRV, AR AL R 20 R, 0T 36 A, BN M4E
(2021 4F) KA T4 (2022 4F) R MR 15 4E
K AR (MR 29 35 em) I #EFF % B (1107 mol

- L' KH, PO, ,NP) FIK @5 i8 Ab FE (1x107° mol -
L™'KH,PO,,LP)'* b B E S 3 ¥k, F KCL -
PR K RS2 A AL HE 34 d J5 2 &AL B RO
B MRV, IR E R 3 1K,

1.3 MEIEHERTE

K CBEARBGE O U 42 a(Chl a) (4%
Z b(Chl b) ZKEWE ME (Car) LI M SILEAR
(Chl) 4,

K L1-6400 fE#5 X5 (LI-COR, USA ) iil]
ENASH A I A, 253 CO, MR
400 pmol « mol ™", B & A RUUHR I 58 B2 24 1 200
2Tl AAbERE B TR AR 3 R A
B R R /N 0 R AR (P, (R R
(T,) RALREE(G,) FBEE CO, M (C)) FHER
RS ZH, K R AR (WUE) = P/ T, SALIR
HlfE (L) =1-C/C,, i C H7R CO M,

SR FHAE L 2 i 2 R 90 PAM -2100 X &
HEA TR R TP S EE | 248 20 min RES
AFR A ARk 8 000 wmol + m™ -+ 57!, TSI G

pmol + m~



55 1 3] B A R AN AR Y

e s M 2R R VORI 171

PN(F,) KIS N A i/ (F,) AT 229
(F,) B RGE N STOE7 5 (F ) MRS TOE™
H(F) %S5, R Sun 7 5 PSR
HeAb2ERCR (F /F,) (PS IV FE L2230 R (F /
F) RBUWHE AL ETR G K R
(qP) JARJCALSF K ZH(gN) (PS Ak 577
H(Dpgy ) o
1.4 HEFITHH

H Excel 2019 Zb3UE 48 F1ifil &1, H SPSS 26.0 4k
PEHEATRE OGS BT Fn 7 22538, R LSD 347 2
F# (P<0.05)

2 ER 55

KBEEN AEREEEHREZAEMNEMN

H 1 AT AR BB E R, 5 NP AH EE, 2021 4F
F12022 AR AR AY E 45 (QS.GN A1 LD) 9 Chl a,
Chl b Car F1 Chl & &2 T & #Fh Y 4E A4
K45 —4F QS 14 Chl a .Chl b Car #1 Chl 75 0 5
K, 53 BIFEAR 47.9% 47.8% .57.8% 47.8% ,16.6% |
24.5% 16.6% .19.0% , £ 8 AR AE B 15 A K58 AR 0
BT RS F 250 /N 148 b 24 4T 36 40 ], B 49 b 24 4

2.1

[ Car 5 LIAN, iR B BE QS 19 Chl a, Chl b, Car
F1 Chl F&ALT GN LD,

~ 25r

‘bﬁ

w201 a

s 15k

&2 2 ab a ab .

S 1of > b= db

5 osf

i)

<m 0 i I I I i

& 6N | o | os [ on | o | as

}f 2021 2022

= 4b ! Treatment/4F £/ Year

0.25

JH % N &K 4 & Carcontent/(mg = g )

4b H Treatment/4E {7 Year

O % % NP
B I FREZE (n=3) ,

22 {RBEEMENARREEEXSIEANZM
I 2 W AR EE T, #5450 QS .GN A1 LD 1y
P, .T..G. L (% GN #EFiY4E) ¥4 2% N % (P<0.05),
%ﬁlﬂé@&éﬁﬁ”‘@ QS iy P, .G_HI L% NP &
R, I INEAR 37.5% 22.1% .19.8% ,35.4% 54.2% .
24.2% 5 GN (1) P, KR fe /)N, P AT 0 ) e 415 25.3% Fil
21.5% "L KEE A LD W T, G A L[R5/, 50 5
FAAIG 43.7% 43.0%F1 13.8%, BHRETE C. WUE #5
ka5 NP AHLE, #F44E LD (%) WUE SRR
(64.0%) , A KEE —AF GN (IR R (66.4%)
23 RBMENAERE BN EERASHHRIT
L3 W AR GE T B AN AR AR KA
A B RS F /F, F /F, P ETR @, 5T
Fetadh. 5 NP AL, #Fh Y 4E QS 9 F /F, qP.
ETR [R5/, 505 F B 3.6% .23.0% .1.9% ; GN 1Y
ETR W& R K, 4 52.0% ;LD [ F /F, qP K& &%
K, 551K 34.0%F1 33.0% ; #EF S F MR ETE F/
F A &, BRI 2B QS>LD>GN, 5 NP Mt
R AE LD W F /F, Doy KRR, 7350 F
14.9%F1 28.2% ; A=K 55 AR E T 1Y F /F, F1 ETR
FIEI RN GN>QSSLD, BT, B4t
ETE N oV BRIk 5 NP A L, #E R S 4F &
AREE AR GN 1 gV 38 W Je /1, 430 38 116.2% F1
5.7%,H. GN [ N #/hF LD .QS,

~ 207
=11]
o
= 151
2 10} £
=}
o
0
6 0.5F a b
g
Qi 0 L
=)
% GN | LD | Qs Qs
jlicd
il 2021 2022
b #E Treatment/4F ) Year
~ 4
=11]
. a
on
g
= a
% 20 a ab
= 2F
3 a
= b a b ab ap
o
i
41
#& 0
g GN | LD | Qs GN
®
& 2021 2022
= 4b B Treatment/4E ) Year
W (%% LP

[F]— SRR R NG FRER R B A A BRI/ P<0.05 KF LR, TR,

Note: Values are means + standard deviation (n=3). Different lowercase letters in the same variety are significantly different

at the P<0.05 probability level. The same below.

B 1
Fig.1

REEBDETARREEEHERESETNL

Changes of chlorophyll contents of different root-type alfalfas under low—P stress
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Fig.2 Changes of photosynthetic parameters of different root-type alfalfas under low=P stress
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Table 1  F values of variety, phosphorus stress and interannual of various indicators

(=] v N
s fh #hin g OEDBRENG R B e
Index Variety Low=P stress Interannual artetyX Varietyx Low=P stressx VarietyxLow—
Low=P stress Interannual Interannual
P stressxInterannual
2% a & Chl a content  1.731NS 29.885* * 93.084* * 13.863* 2.247NS 6.366 * 10.186* *
44K b &+ Chl b content 25.375* * 62.693 " * 1478.716* * 40.279* * 26.413* % 27.870* * 26.395 " *
KW NE SR Car content  5.478* 5.044 " 11.628** 0.774NS 3.815" 0.837NS 0.611NS
2R E & & Chl content  1.402NS 57.113* % 606.817 * * 30.994 " * 4.980" 18.096 * * 21.832%*
BT, 5.288* 113.167* * 18.728 * * 0.889NS 4.037* 5.018* 3.041NS
SILTE G, 19.921* * 231.395** 26.623* * 6.439* * 13.147* % 60.891* * 1.5918
HotGHE P, 47.644% " 8.602" * 118.384 " * 0.021NS 49.992* * 0.562NS 0.155NS
MulE CO,¥kEE C; 17.598 * * 59.385* * 150.279 " * 1.183NS 19.934* * 7.877" 0.620™
S AR L, 8.205* * 5.355* 110.706 * * 0.548NS 5.339 " 0.003NS 0.382NS
KRR WUE 7.235%* 16.842* * 125.018 " * 0.470NS 6.334* " 0.163NS 1.893NS
PSTIVETENAL2AROR F /F,  0.254NS 14.057 % * 29.779* * 1.791NS 7.517* " 3.533NS 1.579NS
PST i SOBIERR F/F, 1.617NS 17.679 " * 8.816 "~ 0.101NS 10.749 * * 6.659 " 0.817NS
2R R B gV 8.805" * 43.863* * 0.643NS 1.163NS 17.980* * 4721 0.082NS
HAb 2B VKRB qP 22.836" * 158.249 * * 41.427* % 0.499NS 66.292* * 17.876* * 10.447 * *
FMEFAERR ETR  262.126* 223.749* * 215.033* * 97.352" * 87.525** 32.341%* 26.379 * *
HeAbF T 8 Dpgy 0.238NS 6.159* 3.195NS 0.820NS 6.684 " * 2.724NS 0.458NS

. BAREFWEE(P<0.01), * FREFBF(P<0.05), Flal, NS #RTLBHFER,

Note: * * indicates that the difference is extremely significant( P<0.01) , * indicates significant differences( P<0.05) , the same below. NS indicates

no significant differences.
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