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Leaf nutritional traits of alfalfa at the reproductive stage and their correlations
with seed yield under different irrigation and nitrogen fertilization levels in the
oasis area of the Hexi Corridor

BEN Zhuan-lin, JIN Hui-xing, WU Xiao-juan, MU Le, ZHANG Jiao-jiao, HAN Yun-hua, YANG Hui-min’
College of Pastoral Agriculture Science and Technology, Lanzhou University, Lanzhou 730020, China

Abstract: Irrigation and fertilization are important measures to improve alfalfa seed productivity. Understanding the
mechanisms of seed yield formation will be helpful for optimizing water and fertilizer management. The relationships
between leaf nutrient characteristics at the reproductive growth stage and the seed yield of alfalfa remain unclear. We

investigated leaf nutrient contents and nutrient resorption efficiencies in alfalfa plants at the reproductive stage, and
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their relationships with seed yield, under different irrigation and nitrogen (N) fertilization conditions. Six irrigation
treatments were set up comprising differing rates of irrigation at re-greening in spring, budding and podding growth
stages. The irrigation treatments were: full irrigation (450, 150 mm at each irrigation, W,) ; mild water deficit
(360, 120 mm at each irrigation, W,) and moderate water deficit (270, 90 mm at each irrigation, W) ; 300 mm
irrigation allocated 150, 75 and 75 mm, respectively, at re-greening, budding and podding stages (W,) ; 300 mm
irrigation allocated 75, 150 and 75 mm, respectively, at re-greening, budding and podding stages (W) ; and 300
mm irrigation allocated 75, 75 and 150 mm, respectively, at re-greening, budding and podding stages (W;). The N
fertilization treatments were 10 kg=ha ' (N;) or 40 kg-ha ' (N,) applied at re-greening. N and P contents of green
and senescent leaves were measured at budding, podding stages and at crop maturity to allow calculation of N and P
resorption. It was found that: 1) With decreasing irrigation and advancing growth stages, there were decreases in the
N and phosphorus (P) contents in green leaves at the reproductive growth stage. The nutrient contents of green
leaves were not lower in W, and W than in W, or even W,. The nutrient contents in green leaves at the budding and
podding stages were significantly higher in N, than in N,. The N and P contents in senesced leaves at the
reproductive growth stage increased as irrigation decreased and growth stages advanced. The N content of senesced
leaves at the budding stage was lower in W, and W, than in W,— W, but the N content of senesced leaves at the
podding and maturity stages was higher in W, and W; than in W, and even W,. The N content of senesced leaves at
the maturity stage was higher in N, than in N, and the P content at the podding stage was higher. 2) The leaf
nutrient resorption efficiency during the reproductive growth stage decreased with decreasing irrigation and advancing
growth stages. Nutrient resorption efficiency at the budding stage was higher in W, and W, than in W,— W, but that
at the podding and maturity stages was similar in W,, W;, and W,. The N resorption efficiency at the budding stage
was higher in N, than in N, but higher in N, than in N, at the other stages. The P resorption efficiency was higher in
N, than in N, during the whole reproductive growth period. 3) The seed yield was numerically highest in
W, and numerically lowest in W,withother treatments intermediate. Hence W, separated statistically only from W,
and W,, while W, separated statistically only from W, and W,. The seed yield under deficit irrigation was not lower
than that in W, or even W,. The seed yield was higher in N, than in N;. 4) Seed yield was positively correlated with
the N and P contents of green leaves and with nutrient resorption efficiencies at the podding stage, and negatively
correlated with the nutrient contents of senesced leaves. Therefore, irrigation and N fertilization significantly affected
the leaf nutrient contents during the reproductive growth stage of alfalfa, and their effects varied depending the
growth stage. Nutrient resorption at the podding stage increased the supply of nutrients for seed formation. In
conclusion, the highest alfalfa seed yield was obtained when N fertilizer was applied at 40 kg-ha ' under slight water
deficit during the whole growth period, or under deficit irrigation at the re-greening and budding stages plus full
irrigation at the podding stage.
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Table 1 Basic soil nutrient status in test plots

TERE fil§ 5 A SR E A B0 R
Soil depth (em) Nitrate N Ammonium N Total N Available P Total P Available K
(mg-kg ) (mg-kg ) (mg-kg ") (mg-kg ") (g-kg (mg-kg )
0~10 1.196 0.532 332 1.517 0.731 116
10~20 0.510 0.522 200 0.955 0.735 71
20~30 0.542 0.430 116 0. 664 0.596 86
30~60 0.723 0. 507 12 0. 604 0.561 94

1.2 &K%t

I R B R M X o BB AL FE Y F X, % 6 MR K 2R E W S (10006, W) VR B T K
(802, W,) HHEE 57K (6076, W) , LA K BEAE 101 235 3 9 7K 50 26 17 3% T 391 58 43 W E (W) (3B 5 191 R 45 252 1918 /K
50 %6 T BT 1 78 4 VE IR (W) R 5 RN E K 5026 M 25 S 52 i iE MR (W) o S5 9 B 15 i i, 7E R
W B 0 Bl 45 SE AV /K 150 mm, [ S 100 %6, oAt E K S DA R i E AT R R (2 2) o it U SRy i) X 6t R R
MR FE(NZ=46% ), ¥ 24Nt 0K F : 10 kg-hm *(N,) F1 40 kg-hm *(N,) . 78R 75 W jiti A ZUIE , A i it A 180 kg
hm “BEIE CRECIR S B2 85 , P,O.-=>12% ) Al 120 kg-hm £ AL (BRR B 85, K.O=24% ) . X564k 124~ 4b B, 754> 4b 2
SWHE L, HL 36 /NX o AN KN 3.5 mX 5.0 m, B8 1] A AH ] 7K 434k BN XIS R 1.0 m, S [8] 7K 43 4 1 /)
DX [ B 2. 0 m, Gh i A A /NIX T B 2.0 m, K FT B 3.0 mo B 78 S B R 3845, T 2022 4F 4 A& Fh 3 M 6.0
kg-hm *, %R & 1.0 cm, 47 #E 40. 0 cm, #% ¥ 15. 0 e #EFh AT, B2 15 t-hm * A7 HLIE 1 450 kg-hm *# 2 — ¥4 .
2023 4F 147 T IR i A A B 35 A EORE I A

R2  FEBRFMEBEALIEIE T

Table 2 Experimental design for irrigation and fertilization treatments

GOl T INT IR] B 7 T Jii AT 18] K% 3t (2t Fertilization time
Treatment Irrigation time and amount (mm) and N application amount (kg-hm *)
R L ] 45 3240 ST K R
Green-returning stage Budding stage Podding stage Total irrigation amount Green-returning stage
W, 150 150 150 450 10 (N)
w, 120 120 120 360
W, 90 90 90 270
W, 150 75 75 300 40 (N,)
W, 75 150 75 300
W 75 75 150 300

1.3 REL iz E
1.3.1 My 5240 & 5 FVE OO80R e A A 3 R 35 SIE T ) 45 S 10 Ol 7 30 /0 L8 0T TG ) st B (o
T R GG I ) SR AR M A . R FAR S O B O R REIR R H AR T (H R R R Sl R AR I RE
7% TR AR S s Al i, R R (A TR A 58 A i AR R TC e 1L 5 9R HE RA ) = A A D s R
ANDCR AR JE A o K TR AR Y i IR T 105 °CTR 855 10 min, 65 CHET 48 hy g JE T ik B A Ry 6%, 3 1
mm P 5 RE o FBILEC e 0k A AU A i A BT L R D Al i

M 5% 4 B 8 R (leaf nutrient reabsorption efficiency , NuRE) MR 4% LA F 24 20914
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1.3.2 Fhifr=m MR ZH(80Y A7) 16 B 135 1) 52 4 LIRS (3R Bz 22 BEUR A 0 ) I, 32 48 5 B3 TG ALY
AR RN TR E R 7 Sk . /N IXBEHLIEI 3 45 1.0 m BEBE , X 5 Bt 142, SR Ji5 28 N T JB A 25 R 2= ot
T o B 9 2 AT DLOR AR S (R 37K i 29 1290 ~13% ), IR E I 15 77 i
1.4 33 A 32 Fa %3t A7

FI ] Excel 2019 71 54 %% 3542 , F 1 IBM SPSS Statistics 19 #4750 88 1170 7. ot — R PERE # = P &
75 2243 Bt (multivariate ANOV A) J7 2 PEA% W I it &UAE A= & Ak 399 B 52 0 1 R i 1 33 e ke 0 5 v, ) LR
BT 22 MR A BT HE R it SEUIE B 58 B R R s . R R 2 T 22 3 Bk (one-way ANOV A) 73 Bt
VHE R it R A X I e R AR A R R i A R 22 5, R Duncan 22 5 A HE 3 MR (A AR I TR) I R 3R 0 R
PE2E 5 . FIFH Pearson Ml &1L 40T i F5 43 bR T O A 56 6 R o R R MERE Y y= aa+ b 43 B Bl 7 77 4 5 A 5 30
MR R R A OGO R L FF EEAT e MU 4 . AL Origin 2022 #5417 BB 224l

2 HBRESH

2.1 AR EREE
3 AT (N A 3 I 300 CT) B A0 X A I 4 03 i (N, TR 3 2 M , WONL T R H 52 A TR 235 3
Mg (P<<0. 01) &k it 4 & 1 (N, ) TN, (£ 3) .

NuRE (%)

R3 EREEEMEFHPNEEMRFSHENMRF=2H 0

Table 3 Effects of irrigation, N application and growth stage on leaf nutrient characteristics and seed yield of alfalfa

[X 2 Factor N Effect N,. P, N, P, NRE PRE it F 7= it Seed yield
T R F 107.53 18.53 19.52 23.06 26. 14 15.35 10. 20
Irrigation (W) P <20. 001 <20. 001 <0.001 <0.001 <£0.001 <£0.001 <£0.001
Jiti A F 7.08 4.73 30.73 9.56 23.75 18.77 42.59
N application (N) P 0.009 0.032 <0.001 0.003 <<0.001 <20.001 <0.001
LR F 2377. 20 562.93 1181. 30 1989. 60 1134.70 1179.90 —
Growth stage (T) P <0.001 <<0.001 <£0. 001 <£0.001 <0.001 <<0.001 -
W XN F 7.49 4.10 18.23 6.71 19.50 15.22 4.06
P <<0.001 0.002 <0.001 <0.001 <0.001 <0.001 0.008
WX T F 27.76 13.09 20. 61 22.96 17.75 38.23 —
P <0.001 <0.001 <20. 001 <20. 001 <0. 001 <<0.001 —
NXT F 51.51 1.91 2.42 1.99 6.62 4.11 —
P <20. 001 0.133 0.096 0. 140 0.002 0.020 -
WXNXT F 13.12 4.06 9.01 3.84 8.17 7.09 —
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 -

N,,: Z&M 42 %% it Green leaves total N content; P, : £ 2 & 7 Green leaves total P content; N, : 42 %(# ft Senesced leaves total N content;;
P..: Hilh &5 & i Senesced leaves total P content; NRE: % 5 I it 44 % Nitrogen resorption efficiency; PRE: #f 5 I it £ # Phosphorus resorption
efficiency. — : Jo#(4li No data. T [d] The same below.

I T R A /DN, N R A 5 B I W, i S I 30 5 SR EIRE T N AR T W, (22 N 35 5 s T, B
FEE S W, R N B, WA W N 8w o BEZE & I e N, 2 R 3 B 0 W~ WL T N 8 T4
SRR, W R B3 R T A e (B AU C R 2 S . BUE I MZE S N, R N, 225 T N, T s Uy
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Fig. 1 Total N content in alfalfa leaves at different growth stages under irrigation and N application

AR KRG 5 3 [ — 0 I st 018 A 2R OR 8] A & B ) 28 5 4 35 (P<0.05) , R TRIV/ING S B: 3R 7] — A2 & B A [ 3 0 4 21 ) 2 55 i 38 (<<
0.05) . Different capital letters indicate significant differences among different growth stages under the same irrigation or N application (P<C0.05).
Different lowercase letters indicate significant differences among different irrigation treatments at the same growth stage (P<C0.05). *: P<C0.05; **: P<T
0.01; *#*: P<C0.001. ns: JC I % 2 5 No significant difference. N,: Total nitrogen content of green leaves; N, : Total nitrogen content of senesced

leaves. T [i] The same below.

2.2 Atk &EEEF

B it I8 (ND A A & I3 CT ) B AR X 8 7 4 v kG ik 4 5 it (P, RN P,) TE W S8 A, W ONL T AR |
P ¥k Ho s e i 2% (P<<0. 05,38 3) .

Wit T8 TR U, P AR TR A e 0] Bl B TR R B RN 5 S PR T WL, Y T W T B
T B WM ZE 3G W, R Pt 1 W AR, TS WA S W W R WL TR () A & I 30T ) P, T b 35 25 5
ZEIEMI W, R 2 T 456 WL i K At A S0, S W R G T A A e B
SR 8 AU AN [ i A 18] P, TG W S LSS I N, B T N N NS TR AR B R R P C B 2 LN,
TS A E (1B 2) .
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Fig. 2 Total P content in alfalfa leaves at different growth stages under irrigation and N application

P,.: Total phosphorus content of green leaves; P, : Total phosphorus content of senesced leaves. N [f] The same below.
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W15 25 S W) TC 3 22 5, SLAHE W A B R OR TR AR I (R A W 2 o IR RN B A TR FE I P, T
BEZES AFEMIN T BE ST Ny BiA B, P, ST w3, U 825w T B 25 5 (| 2) .
2.3 AsMrt A RGBT RO AR

TEWE b AUAE AR F R ) K H AR HOME Y R A b 0RT @ EE 0 0k %R (NRE Al PRE) (P<<
0.05,%3),

W 9 TR U /D, NRE IG5 45 5 I 31 75 B I NRE 3 T W5 30725 0] F 20 W, F NRE 555, 45 3 W,
et s AR B I AR I NRE BEAIC . 02V [R] i AR 42t ) NRE JC i 3 25 5 3078 W N, R 8 38 80 1 N, 485 3 100 D) A
B WA B B R TR AL 3R NRE B RER (& 3) .

Wit VEE JBE i /L, PRE R B 5 7 4 I 0 5 e E R 05 1) PRE W 3 5 T W~ W, AR T WL W 5 Gk
VEWE R L B W RS S W, R PRE S5 im0 W s IR, 0BV A 2 . B A OB U HE E  PRE 8RR AR A
Wo~W, 25 JE W IR =, Wo~W N BT W e o B0 U1 R0 A 2 300 AS [) it Ak [) PRE TG 8 38 22 5%, 485 S0 N, T A
WE T N A E IR R A E R PRE $ K (& 3) .

2.4 AR RS E A EBOK RN A X X A

A AR B S i R U (N, RN, B B (PRI P,) R I ORCR (NRE I PRE) 8] 47 76 2 (14 4 56 1
(£4). N,5 P, NRE.PRE# % iEAH X (P<<0.01), 5 N, 1 P #% 8 % 141 & (P<<0.01) . P, 5 P i .2 IFE
FHOE(P<<0.01) , 5 HAb M B F2 50 R PR R AR G PEAS 3 0 N, 5 P i 3 IE A DG (P<<0.01), 5 NRE .PRE #% &
FMMK(P<0.01). P, 5 N, MW IEH & (P<<0.01), 5 NRE .PRE # & % 14156 (P<C0.01). NRE 5 PRE
W 2 TE AR G (P<C0.01) .
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NRE': Nitrogen resorption efficiency; PRE: Phosphorus resorption efficiency. ****. P<Z0.0001.
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Table 5 Correlations between alfalfa seed yield and leaf nutrient content, resorption efficiency during the reproductive growth
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(50 %0 WEWE + 45 00 70 70 WE R ) N e o WL BRAF IR W 08I0 00 1T — R AR R S 0 VEE TR L DRI, 3R 4y
AL Al BE AR 5 K o BV T R AR BE IR 2 ORI Ah, T BRI R N R P IF SR T e A E P T K
(W) #E =52 5 KB (W), 0 H A i L 2 08 T W0 Ud BHGE B2 00 75 ol ol 38 ) 5% 20 IR WA T 188 35 52 el {ELARE K
LR

MBLARIIIT 8, B A b SR AR By AR B AR I AR B A B R O K A T 2 B R o0 B AR B A B A
BLE IR AR AR FEARBT AT, N, BE A AR KT AR, 50 SO R R S R — B A,
U0 DX A X BT A RE T AL A R S A KO I 2 R Y oK, T BB B0 T N FEAR (2 P B I35 1Y 8



534 B 1 Bl 2R 3] 2025 4 103

700

y=5.18x’-342.43x+5976.81 ¥=732.04x’-3014.60x+3414.90 y=-0.49x’+2.03x+463.31
R=0.41 v R'=0.58 v R=0.05
600 P<0.001 P<0.001 P=0.051
500 Yy
v
v v
EMO A
2300 ST ¥ A
o v
© v v,
> 200
3 32 33 34 35 36 37 38 39 4016 1.8 2.0 22 24 26 28 14 16 18 20 22
@ L U o g o G5 e ) ek 4 g R 45 IRl A
i) N, at podding stage (g-kg ") P, at podding stage (g'kg™") N..,at podding stage (g-kg ")
o
* : : ,
z 100 y=667.71x°-1685.88x+1369.03 $=0.35x"-27.90x+856.70 y=0.42x"-38.07x+1169.40
R=0.10 R'=0.25 v R'=037
600 Y P<0.05 P<0.01 P<0.01 b
500t Y v, k4 )
y e
v v v v
400 : 3 "v - 1 v v e <
Y v v v Vv v
w v Yy
300 Vo, Vv < v ™
v h
vvyv A4 v
200
0.8 09 1.0 1.1 12 13 1.4 35 40 45 50 55 60 65 30 35 40 45 50 55 60 65 70
G5 e Rl A g R &5 38 ) 5 T W R R 45 ¢ S B R R
P, atpodding stage (g-kg ') NRE at podding stage (%) PRE at podding stage (%)

5 BEMTFrESEFERHAFIHENEXRXER

Fig. 5 Correlation relationship between alfalfa seed yield and leaf nutrient characteristics at the podding stage
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