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A meta—analysis on the effect of fertilizer type on alfalfa seed yield under various

climate and soil conditions
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Abstract: Supply of high-quality forage in sufficient quantity is a fundamental requirement for the development of
efficient and sustainable animal production systems. To attain this goal, continuous expansion of the planting area of
high-quality forages such as alfalfa is required. There is thus an urgent need to expand alfalfa seed production to meet
the demand for alfalfa planting, but there remains a lack of information about effects of fertilization on alfalfa seed
yield under different climatic and soil conditions. This study comprised a meta-analysis to investigate the effects of
different fertilizer applications on alfalfa seed yield in China and explored the interactions between the fertilizer effect
and climate and soil conditions. The results showed: 1) Fertilization could significantly increase alfalfa seed yield,
with the greatest yield increase observed with the application of micronutrient fertilizers alone, while the application

of potassium fertilizer alone and the combined application of nitrogen and potassium fertilizers led to yield reduction.
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2) With increase in annual precipitation, the yield-enhancement effect of single fertilizer applications weakened,
while the yield-enhancement effect of multi-fertilizer applications was strengthened. Higher annual temperatures
resulted in weakening of the yield-enhancement effect, except in the case of micronutrient fertilizers alone. 3) The
effect of soil factors on the fertilization effect varied significantly among different fertilization categories. Higher soil
organic matter and total nitrogen content enhanced the yield-enhancement effect of most fertilization categories, while
slightly weakening the yield-enhancement effect of micronutrient fertilizer application alone. Higher soil alkali-
hydrolyzable nitrogen and available phosphorus content reduced the yield-enhancement effect of nitrogen and
potassium application alone but increased the yield-enhancement effect of phosphorus application alone, with
inconsistent effects on the yield-enhancement effects of multi-fertilizer applications. Higher soil available potassium
content increased the yield-enhancement effect of all fertilization categories. In summary, this study provides
guidance for optimizing fertilization management measures for alfalfa for seed production in different climatic regions
and for different soils in China.

Key words: Medicago sativa; seed yield; type of fertilization; fertilizer effect; meta-analysis
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F 240 J7 t, B ARAE A HE O R JCIE T T T R A 10~100 75 ¢8O0 g R B A B R R T SR R G 4
TGS A A AR T A K

0BT A b~ A N A e e 7 AR AR (3R E R AR R KT A B AR D s BRI T ] R AR
AR . M 2017 4F , K 48 A7 AR 7= 1 B TN ARl 3. 83 75 hm’, F - L7 35 3 320 kg-hm %, B 2
1,275 to &I A8 Fh 26 7 (9 FhoR 1 AR 55 R TR AR BL, (EL B 7 5K 3] 668 kg-hm *, B 25 2.9 5 (70 i 2 A
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1E Web of Science (https: //www. webofscience. com ) Fl 71 [# 1 ™ (https: //www. cnki. net) Wi K SCHR ¥ K F &
HEAT TR SCSCIR R F L R T 2000 4F 1) & 2024 4F 8 1 it AL X6T v [ 1 48 7™ dak 5% 1 A OC i A 5 SCRk , rh e S
Hor OB O T AE T s AU AE BRI R BN R  Bh e a7 “fertilization” “ Medicago sativa or
alfalfa or lucerne”“alfalfa N fertilizer”“alfalfa P fertilizer”“alfalfa K fertilizer” #1“seed yield” . SCHR I 25 AIFRHE R 1)
WFFE T AE b 0250y vh B OR AL 45 T s T T RTS8 ) 5 2) SCHR th (9 B 8 "R 48 2248 B A8 HA B 4 s Al ) A 8 A BF
FE L 5 3) A B A 114 3 00 o A B A i A BRI R 5 4) (] — 5 R R A [ A SR e A s — 35 5) 1 e A5 4
B DB R R R 5 6) 15060 15 06T A A5 2, HE b oxsl B S AN i AT Ak B Ak B ZH Ay i A A 3
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Table 1 Overview of research sites described in the literature

F 52 s 25 AR REIK A 2L I HLIT TR R A g U B Suy ¢
Research site” Annual average  Mean annual Soil organic Soil total ni-  Soil alkali-hydro- Soil available  Soil available
precipitation temperature matter trogen lyzable nitrogen  phosphorus potassium
(mm) (°C) (g-kg ) (g-kg (mg+kg ) (mg-kg ") (mg-kg )
Hff Gansu (14) 48.4~600.0 7.3~8.9 1.58~11.30 0.24~0.94 22.23~59.45  6.03~30.70 109.00~231.00
B Xinjiang (10) 150. 0~228.0 7.5~7.6 12.48~19. 36 1.55~1.56 14.20~25.69  12.00~37.00 230.30~338.80
T H Ningxia (4) 250.0~430.0 7.4~7.7 0.51~26. 36 0.43~2.03 19.80~114.60  4.44~13.97  9.87~209. 00
4 1fF Qinghai (1) 391.0 0.1 4.80 0.06 — 6.00 129.50
5 Inner Mongolia (5) 225.0~400.0 1.6~7.2 12.02~13.00 0.72 1.48~72.70 2.05~40.45  75.81~98. 33
Mg T, Heilongjiang (6) 427.4~450.0 3.0~4.2 2.10~30.70 — 89.25 2.40~16.12  137.35~150.00
bk Jilin (2) 426.8 - 2.16 - - - -
45T Beijing (1) 628.9 12.5 1.64 0.09 72.20 23.00 101. 00
PO Tibet (1) 400.0 8.2 19. 60 1.31 81.00 5.31 22.00
T« # B0 RS 365 BT SRR W e i SO A — IR R IC R .
Note: #:Numbers in parentheses after the study site indicate the number of articles covered ; “—" means no data.

1.2 ##E4A

HR A SCHR 6 15 8 AT B 43 BT J5 R B, e I X6 8 1 b 7 i A A AR R B2 it A S A | R Rk 2%
PREERSE M . P, X 3R F UEAT 4 A . )R IE 2R AL A an R AN B (P) B (K) B it F , &0 (NP) |
BEER (PK) L& (NK) (E B (NPK) B it A1 2 00 2 AE (MieN) o 2) S 43 AR < AR B K & 4 <<200
mm , 200~400 mm A1 >>400 mm; 4E ¥ IR /» H<7.5 CHI>7.5C. 3) LA AT - £ HEA VLR S &5
HJ=<<10 g-kg '.10~20 g-kg 'F>20 g-kg s TIHELR TR A<1 g-kg 'F>1 g kg ' R IEmH AT N
50 mg-kg "F1=>50 mg-kg st 3 AR S > H<<10 mg-kg 'HI>10 mg-kg 5 SO A 4y M <<150 mg-
kg "FI=>150 mg-kg o FESCHEAH, B AE b AR OF R WA BT SOR X R AT 44
1.3 &0
1.3.1 FbrfEZEITE TEHA Ay B, 3 2R R I s 1 22 (standard deviation, SD) . fi JH SCik d 2 %1 B 19
SD, B AR 48 B4 158 SD 5 fH 25 SCik v i A5 81 s SD HL G VA T IR, 0 DL 7 7 o oKL 2R (1 s ME Y 1/104F
Sk AR BE AL B A SDU
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AP w, i AE NG SR . InRAVES i MEBOVE(InR,) . S(InR)CE M RIRMEZ ., VALE
3R EV),
95% B {= X [8] (confidence interval, CI) K2 .

95%CI=InR+ 1.96S(InR) (6)
A OSUCI G R AR FRZ S A A, A B SXT A LR EFER k2N EREE ., HPh IS CIHE/MIEKTF

F, W) % W1 32 Ak 3K AH I 48 B R IERONE 5 7 95 %0 CLI de KA /N T2, o s s ™ o 45 AS TRl b B 1R] 95 %6 CTAN 5
B, WA [] A 311 R) 22 S b 35 (P<<0. 05) &
3 o it A 28 R T AR A 1 A R T i 43 HE (percentage change , PC) AT 1 LR 24 04
PC=[exp(InR)—1]x100% (7)
1.3.3 REMRE HERFEHEAT meta 53 B I AS 30 4 A BOHE J& B A TR e T2 0 B 25 5 AR WF ST X T Y 4
RUEAT S FE QR AT,

iw InR;)

Q= Ew (IR, ) — (8)
S,

MR P>0. 05 B, i FH 8 2 %% A5 B (fixed effect model) ;24 P<<0. 05 B, {6 fil HL 3% W #2 B (random effect
model) .
1.3.4 i far &5 5 XF it IE 25 AR B AE R Y AR A A 3 AT il LG 6 B s i AT K-S
(Kolmogorov-Smirnov) k%5, 95 % CT A9 3155 R I AE 2 804 1175 1: (Bootstrap-ping) '
1.4 FELAEFom it 56

SCHR R R S 2 AR o B AR OB 5 4n o A T i ] Get-Data Graph Digitizer 8 48 BUEUHE o
Excel 2021 #E47 ¥4 B HL, i} Metawin 2. 1 #EAT 2 R (E AN D7 223150, A R(4. 4. D HEAT S ROPEAS 36 o 280 0 B
J7 R R B il 2640 i Origin Pro 2022 il /E , #R MK B H GraphPad Prism 9. 5. O il /£ .



58 ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 2
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2.1 #HRPmHE BT ZENESZR

TE 43 M7t A X A Bl 7 72 B RN (E B el [, JRA T T 0N A I L S BP0 (3R 2) MR R 56 (B 1) o 5%
Bt R0 R 2=9.52(P<<0.01) , iR B EH B E . BA —EMNSKi¥2E X, FREKE T B xR Q=
7249.13(P<C0.01) , a B SCRRAEAS B P A B & 48 it 24 b0 25 5%, W] I 7E meta 43 B Hp 32 45 Bl AL RGN AR Y

K2 HBEMNEEMFFENGZSUNE

Table 2 Effect sizes of fertilization on alfalfa seed yield

-1 500 K 95% F A7 X 8] 95% CI AR A 55 Effect size test 5B 55 Heterogeneity test
Mean effect size - FR Upper limit T BR Lower limit VA P Q P
0.15 0.12 0.18 9.52 <20.01 7249.13 <0.01

T 2N R T QR s i g i i .

Note: Z: The statistic of effect size test; Q: The statistic of heterogeneity test.
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Fh 7 77 B A £ 0 it IR S R 2 MIieN Bt |, S 2 384 Fig.1 Frequency distribution of effect size of alfalfa seed yield

P03, 64%. N B 0 B8 AR K 2 L B Mean .SD N R? P 4} $IAC F 500 - 19 68 b 2 21086 07 40045 1 2%
) . 1 [0 19 2 0 H K-S (Kolmogorov-Smirnov) K % 19 P {H . Mean, the
17.92% . P 55 NP PK NPK FC B8 7™ 0 B2 average value; SD, standard deviation; N, number of groups; R*, R-
11.13%~15. 88% K Hjifii 1 NK L jith 43 51| 7 BOFp + Squared of a Gaussian distribution function; P, P-value of Kolmogorov-
PR 4.89% F11.61% Smirmov test.
2.3 RREAMELMTHRIES Y 54T = 20 Hh
2.3.1 AFESEERRK RO HEACAON BSE R FEAR AR B R K BT 2% i A 2 A0 R A 5 S TR (8T 3) o
it AT 57 8 K R 3 M, N LN YLt 4 494 7 2k SR 50 47 Uk 59, P T it 7 396 77 255 SR K ¥ 4 8, P YLt AN NP R i 11
PR SV 55 5 4 R, 1T NPK C A 3 7 R0 e R S S . E AR R K <200 mm Y H X (T8 NK AL it BF
), 45 it JIE 286 AU 2 4 g o A AP e, R NP U MeN B 3 (P<20. 05) 3 7= (18] 3a) o MicN Hujifi 119 38 7= 5%
R b B3 38, 24 %0 5 P ON B YRR IR Z L 367 20 %6 DL KO B ROUR B 2% L F AU 1,36 %0 0 FEAR
oK i 200~400 mm Y L X (T K Bt F1 NK BCHEWF 5T ) , B P8t S B ™ 7. 84 %6 Ab , HoAth it A 8 74 24 £ 3 Fil
T a, A4 MicN HUjifi g i 35 (P<<0. 05) 34 7, - ¥y 34 7= 20. 97 % (1 3b) . NPK FC it - 738 7= 30. 726 , (R it 3h
K. A HREIK & >400 mm (9 X (T8 N SRR ST ) | 5 K B A NK FC -5 S080™ A, 2 At it AT 24 70 3 fig ¢
% (P<<0. 05) 4 i Al = 5t (] 3¢) o NP Lt 138 77 50 R S 4, - 318 7 55. 33 % 5 PK LI A 0 R Ik 22, - 35 38
46. 24 % o KB AT NK LT 3 50 5 BOH B A1 B b 12,76 0 M 1. 6104
2.3.2 AT H IR BE O N ONE BB AR A IR T AR it A S 0 A R T R RO (R 4) o B R
58 1 MicN S 0 3 7 ROR sl g5 1 i AT S A A 3G 7 ROR o TEAE IR <C7. 5 CRy ML IX, BR NK T it 5 20 ™
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b, At it T 2 7R B B 1 AE A i (8l 4a) o NP
Bt A NP PKNPK B jifi fig i 3 (P<<0. 05) 34 7~ .
NP BE it i 38 7 RCR e 4, 7 Y948 77 40. 34 % s NPK L
Jiti AN BT ) A5R R 22  E OR 4  A 20. 70 %6
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%), B K HUie 5 30 ™ A, H At it T 2K A 2 2 A
Fei (B 4b) . MicN Hjifi fig i 3% (P<<0. 05) 34 7=, 71y
B 39.15% . K Ut 5 2R 7 e 8 O 38

16.85%
2.4 REEREM TR T EHTFZ T Y%

=/
iz

2.4.1  HEA BT E R A 508 Y 5 e NG
Hiy X1 A= G AL 2 52 it AT 2 B8 ) RS R T
PR G AR (B 5) o Bl A AL S R, P AR
Jit A NP PK L ) 38 7= 25 35 2 98 55 5 1 5, N BRL it
FINPK B it 14 38 77 250 4 120 3 5, 107 K MiceN S i 1)
PR WSS . E R A L S <10 g-kg !
) 1l DX (T8 NK B BF 5% ), 45 it JIE 24 70 35 8 vy 1 4
T i (B P MicN Uit g i 2 (P<<0. 05) 34 ™= (1A
5a) . MicN Fjite 9 38 7= 35 SR 0 i, 7 2436 7= 32. 83 %0 5
K FAL it i 280 B 22, P 9038 77 1. 36 60 1E - IEA L
J 5 R 10~20 g+ kg AU HLIX (G K Bt AT NK . NPK
Bt I 5% ) , 45 it S 288 780 ) i o A b o AU N

HOlL 224 2026 4F 59
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. P+ 1ot (10.56%/80)
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N ]
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= NK| 4
w H(-1.62%/3)
%Zé PK - e (13.24%/49)
NPK e (14.15%/20)
MicN Lo (21.22%/149)
l ! |
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3N Mean effect size (%)

B2 FAEEEERNEREF=E2HH0

Fig. 2 Effect of different types of fertilization on alfalfa seed
yield

N: &P KB MieN: i 70 2 A0 U T 5 NP2 S8 (PRSI
NK: ZUA NPK : ZUBE I RBC & 5 5 45 5 v 22 M i 7 23 B3R A00E
L 75 00 A B AU A 28 28 ) SCRR v IR IR O R A . IR . N
nitrogen, P: phosphorus, K: potassium, MicN: micronutrient fertilizer
alone; NP: nitrogen-phosphorus, PK: phosphorus-potassium, NK:
nitrogen-potassium, NPK: nitrogen-phosphorus-potassium fertilizers
applied in combination; Percentages on the left in parentheses
represent the In R; The numbers on the right represent the sample

sizes obtained in the literature for that type of fertilizer application.

The same below.
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= : i . i
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[ T R I R B [ R R
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38 {EH Mean effect size (%)

3 ARSEHRKETEEMEEMHFEENZMN

Fig.3 Effect of fertilization on alfalfa seed yield under different annual average precipitations
a.b.c: FT-H /K E<<200 mm ,200~400 mm #1>>400 mm, a, b, c¢: mean annual precipitation <<200 mm, 200—400 mm and ~>400 mm.
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Fig. 4 Effect of different mean annual temperatures under fertilization conditions on seed yield of alfalfa

afilb: AR IRE<7.5°C>7.5"C, aand b: mean annual temperatures <<7.5 °C and >>7.5 C.
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Fig. 5 Effect of different soil organic matter contents on seed yield of alfalfa under fertilization conditions

<10g-kg '.10~20 g-kg "F1>20 g kg '. a, b, c: soil organic matter content <<10 g+kg ', 10—20 g-kg 'and >20 g-kg .
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Fig. 6 Effects of different soil total nitrogen contents on seed yield of alfalfa under fertilization conditions

ab: AR GE<1g kg '"M>1g-kg '. a, b: soil total nitrogen content <1 g-kg 'and >1g-kg ".
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Fig.7 Effects of different soil quick nutrient contents on seed yield of alfalfa under fertilization conditions

a.b: b AR & <50 mg-kg ' FI>50 mg-kg 'se.d: R ALTE S <10 mg-kg ' FI>10 mg-kg 'se.f: A & B <150 mg-kg ' FI>

1

150 mg-kg '. a, b: soil alkali-hydrolyzable nitrogen content <<50 mg-kg ' and >>50 mg-kg '; ¢, d: soil available phosphorus content <<10 mg-kg

and >10 mg-kg '; e, f: soil available potassium content <<150 mg-kg ' and >150 mg-kg .
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