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Response of alfalfa yield and quality to mowing frequency and fertilization in saline—sodic land of the western
Songnen Plain
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(1. Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, China; 2. University of Chinese
Academy of Sciences, Beijing 100049, China; 3. Da’an Sodic Land Experiment Station, Chinese Academy of Sciences, Da’an 131317, China)
Abstract: To explore the effects of mowing frequency, fertilization, and their interaction on the yield and quality of alfalfa (Medicago
sativa) in light saline—sodic soils, a field experiment with a split—plot design was conducted in the western Songnen Plain. The mowing
frequency treatment plot (once, twice, three, and four times per year) was used as the main plot and the fertilization treatment plot (CK, N,
P, and NPK) was the secondary plot. The results showed that the hay yield of alfalfa increased significantly (P<0.05) with mowing
frequency increasing in the same growing season; when mowing frequency was 3 times and 4 times, the hay yield increased by 123.8% and
131.6%, respectively, compared with that of mowing once. Although the effect of fertilization on the hay yield was not significant, the
interaction between mowing frequency and fertilization was significant (P<0.05). The hay yield was the highest when mowing occurred

thrice and the NPK compound fertilizer was added. Mowing frequency and fertilization had different influences on the nutritional quality of
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alfalfa and the effect of their interaction on the crude protein content was also significant (£<0.05). With the increase in mowing frequency,

the stem—leaf ratio of alfalfa decreased; the content of crude protein, content of crude ash, and ratio of K'/Na* increased significantly (P<

0.05). The content of crude fat and content of crude fiber decreased significantly (P<0.05); the content of Ca> increased first and then

decreased; and the ratio of Ca*/Na* tended to increase first and then stabilize. Application of NPK compound fertilizer significantly

increased the content of crude protein and content of crude fat of alfalfa and decreased the content of crude fiber (P<0.05). Notably, the

mowing frequency decreased the greening rate of alfalfa in the second year(P<0.05), and the greening rate of alfalfa decreased significantly

when mowing frequency reached 4 times than that of the other treatments, which was only 12.5%. Therefore, mowing thrice and applying

NPK compound fertilizer in the same growing season was determined as the optimal management strategy when planting alfalfa in the light

saline—sodic soils of the Songnen Plain.

Keywords: alfalfa; saline—sodic land; mowing frequency; hay yield; quality
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Table 1 Soil basic physical and chemical properties in the experimental site

e BEE AOURAE R R e
Soil t /: pH Electrical conductivity/ Organic matter/ Available nitrogen/ Available phosphorus/ Available potassium/
Soil texture
(mS+cm™) (g-kg™) (mg-kg™) (mg-kg™) (mg-kg™)

HigEL 8.42 0.24 8.57 134.4 31.8 135.6

T pH FHL R LE 1K I 15 A0 R INE .

Note: Soil pH and electrical conductivity were measured under the condition of 1:5 of soil-water ratio.
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Table 2 The design of mowing date and fertilization of alfalfa in the field experiment

PR3 RE Greening period B2\ E=Eait] Squaring stage WAL First bloom

JEAEH] Flowering period 25 3E1] Pod—setting stage ALY Maturity

Mowing

05-15 06-10 06-11 07-13 07-14 07-25 07-26 08-13 08-14 09-15
M1 F(100%) — — — — — — — — M
M2 F(50%) M F(50%) — — — — — — M
M3 F(33.3%) M F(33.3%) — — M F(33.3%) — — M
M4 F(25%) M F(25%) M F(25%) — — M F(25%) M
TE:F(x%) : HHE R AL i o5 B AEAL 5 (47 23 HE ) s M X s “— JCAR AT A B
Note: F(x%) :fertilization (the percentage of the fertilizer to the total fertilizer) ; M : mowing; “—" :no treatment.
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Table 3 ANOVA of effect of mowing frequency and fertilization on alfalfa yield and quality traits (¥ value)

; A ; AR o . 2% R
P T MES HARET  HErdE MK W F % Mineral nutrients Zrt RER
Fact Hay vield Crude Crude Crude Crude K*/Na® Ca*/Na”Stem—leaf Turning—
actor &y ek protein fat fiber ash K"  Na® Ca™ Mg” ratio green ratio
XIEIAT 33.08* 58.72% 19.25%  16.00 * 12.23* 293 4.11 9.12*% 2.09 6.46*% 4.99* 12.16* 27.32%
Jift NE Ak PR 297 22.93% 4.46% 9.75% 241 0.16 056 1.04 1.04 073 047 291 0.23
X 24 3.30 1.16 1.27 0.58 1.74 7.47*%10.12*% 0.27 2.43 21.85% 5.25% 0.74 1.05
R ENATIR X [X 4 6.34% 1.37 0.56* 3.64%  255% 1.10 0.89 2.80* 3.18* 0.68 1.04 6.90* 1.62
NS AL AL B 5.37+% 2.36% 0.18 037 081 089 1.15 072 085 084 1.14 128 0.32

T RN AL (P<0.05)

Note: * indicates the significant effect(P<0.05).
M1 Ab 3 AH G, M2 M3 F1 M4 b B0 1 45 T 55 77 B4y
HHER T 37.0% . 123.8% 1 131.6% . {H Fifi 25 A1 1 45
YR AN , AT 1 ) 2 R T Ry i e, i M3 4k
PSS 2 A 3 UONE B A8 TR R 40 i AR 1 IR
RIEN > T 3.0% F137.7% , M4 LA BRASS 2 55 3 1SS 4
ORI B A T B Ay RS LR F > T
35.9% .48.9% F169.8%.,

Jit A A B SR B SRR A T R R Y
Wi (2 3) , it N b FR# CK 87 0.7% , P Fl NPK &b 343
B4 CK 3877 5.5% F19.0%, (H2E F ¥R EE . AR
I) R SRAT VR TS , 45 it A ALk B GH 55 4 1 7 T 5= e A
e HARK2ZER (K1), 76 M1 M2 Fl M4 Zb 3,
= b AN [ it A AR (N PRI NPK) S 5 72 4 i 5%
Ej IR (CK) WA o 2 22 55, (HAE M3 Zb B ) NPK 4b
‘ 14 000 O ek
12000 ON

?)

ap A A
N NPK a

10 000 [

8000 A%Q

6000
4000
2000

T2 5 Hay yield/(kg+hm

SN\

0 M1 M2 M3

R E]4h PR Mowing

NIRRT AR R R VR A 3 ) 22 57 i 3 (P<0.05) s AN R/ NG 7B
TR A]— R E AR it A A B ] 22 5 i 2% (P<0.05)
TehREFRR I 22 57 (P20.05) . F[F

Different capital letters indicate significant differences among mowing

M4

frequencies(P<0.05) ; Different lowercase letters indicate significant
differences among fertilization treatments under the same mowing
frequency(P<0.05). No label indicates no significant difference (P=0.05).

The same below

1 XIEI50R SR £ EE TE~ R
Figure 1 The effect of mowing frequency and fertilization on hay
yield of alfalfa
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1.44 D 43 5 (P<0.05) . M3 5 M4 4b FRAHLE 1 &
T2 A0 525 5 M2 5 M3 A BRI 4325 B 22 1A]
JCFH 225t . M3 I M4 &b 33 48 26 T 7 HLAG 105 2 45
M1 4b 3 5 22 A% 0.36..0.47 AT 43 45, , M2 . M3 il M4
Aib PR T 4 5 R ML Ak By ) 2 /b T 3,83
4.41 827N H 43 (P<0.05), M1 5 M2 403 M3 5
M4 4b 3 )AL A W 5 50 0 2 25 5, M2 5 M3 Ab ]
MRS | %25 . 5 M, M2, M3 Fil M4
R PRI Ca™ 5 1 43 | 4 55 0.44.0.29.0.18 N H 43 £,
Hor M1 5 M4 ZbBETC 3 25 5 (P>0.05) 5 K'/Na*43 5l
LW 17.2% .40.3% F151.2% , Hodh M1 5 M2 4b PO
#2255 (P=20.05) ; Ca®/Na 43 B4 55 T 46.7% .41.6% .
49.5% ,5 M1 ¥ EAT i 3 25 7 (P<0.05) .

Jit A AL S XoF 58 6 e RELEE 10 LR 7 RO 21 4 5
T HA WE I (P<0.05) , % Hofth b vk 0 B 25
M (F3). 5 CKAHEL, NP Al NPK &b B (4 8 [ 5
T2 A 0.72.1.09 .3.00 4> 1 43 5, HLIE D & 40
FHET0.17.0.22.0.49 1 43 5. NP HINPK Ab B 1)
AR YE 5 = 3 R T CK, 2 Bl PR 2.91 .2.46 .2.87
ANE S [ XIFIRR & IE b BEXT 5840 B s
B A AR R EE A 52 . M1 M3 J M4 4b
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Table 4 The effect of mowing frequency and fertilization on quality of alfalfa

R4 XIRISIOR B HERR AL IR X 2L 9L B 78 f BT IK Y 2

WELEEEAE &R WD MR RORS FRIRE The content of mineral matients
Mowing  Fertilization ~ Crude protein/%  Crude fat/%  Crude fiber/%  Crude ash/% K Na* Ca® Mg*

M1 CK 7.61+0.80b 2.44+0.20 33.56+2.74 6.60£0.29  0.83+0.06 0.32+0.06 ~ 1.45+0.13  0.26+0.04 2.63+0.49  4.67+1.20

N 7.66+0.24h 2.61+0.45 31.12+2.22 6.61+0.16  0.91+0.16 0.33+0.08  1.42+0.26  0.30+0.01 2.78+0.35  4.54+1.65

P 7.77+0.53b 2.87+0.40 30.81+2.45 6.98+0.43  0.82+0.22 0.38+0.15  1.31+0.02 0.26+0.05 2.47+1.32  3.76+1.21

NPK 10.60+0.70a 3.06+0.41 31.12+1.71 6.78+0.44  0.88+0.28 0.38+0.15  1.34+0.08 0.28+0.03  3.02+2.52  4.24+2.48

S Mean 8.41+1.42C 2.74+0.41A  31.65£2.28A  6.74£0.34C  0.86+0.17 0.35£0.10  1.38+0.14C 0.28+0.03 2.73+1.26C 4.30+1.51B

M2 CK 11.40+2.18 2.85+0.06 29.78+1.81 7.54+0.55  0.94+0.10 0.36£0.06  1.85+0.10  0.32+0.01 2.67+0.68  5.20+1.02

N 10.50+0.14 2.89+0.44 27.48+1.51 7.21£0.49  0.98+0.22 0.29+0.09  1.80+0.27 0.33+0.06 3.60+1.34  6.69+2.83

P 10.80+0.29 2.93+0.46 26.77+0.08 7.5120.56  0.91+0.17 0.25¢0.03  1.94+0.10 0.30+0.02 3.77+1.06  8.00+1.31

NPK 13.1742.26 3.17+0.24 27.24+1.10 7.76£0.45  0.88+0.07  0.33+0.05 1.7120.17  0.33+£0.03  2.75+0.66  5.36+1.35

S Mean 11.47+1.73B 2.96+0.32A  27.82+1.64B  7.50£0.48B 0.93+0.14 0.31+0.07 1.82+0.17A 0.32+0.03 3.20+0.98BC 6.31+1.92A

M3 CK 11.25+0.79h 2.15+0.37 29.44+1.10a 7.47+0.52  1.00£0.12  0.3720.12  1.65+0.03  0.33+0.01 3.02+1.52  4.85+1.85

N 13.35+0.20a 2.36+0.40 25.75+1.32b 7.25¢0.47  1.08£0.18 0.26£0.07  1.71+0.18 0.32+0.01 4.41+1.63  6.82+1.90

P 13.64+1.14a 2.38+0.10  27.71+1.0lab ~ 7.33+0.20  1.02+0.18 0.29+0.07  1.71+0.10  0.32+0.04 3.85+1.74  6.18+1.28

NPK 13.98+0.84a 2.65+0.29 26.04+0.11b 7.46£0.23  0.95£0.03 0.25¢0.07  1.60+0.21 0.30+0.04 4.04+1.39  6.53+1.08

- Mean 13.06+1.31A 2.38+0.32B  27.24+1.76B  7.38+0.34B  1.02+0.13  0.29+0.09 1.67+0.13AB 0.32+0.03 3.83+1.44AB 6.09+1.55A

M4 CK 11.67+0.63¢ 2.05+0.24 25.53+1.62 8.44+0.74  0.96+0.17  0.24+0.05 1.57£0.16  0.32+0.04 4.16+1.08  6.81+1.39

N 13.33+0.57b 2.28+0.34 22.33+3.01 7.77£0.23  0.88+0.23  0.26+0.05 1.57+0.03  0.33£0.02 3.58+1.33  6.34x1.44

P 14.10+0.52b 2.19+0.15 23.20+2.63 8.50+0.53  1.00£0.03  0.29+0.09  1.54+0.13 0.32+0.04 3.71£1.09  5.64+1.32

NPK 16.19+0.30a 2.57+0.09 22.45+2.92 8.01+0.44  1.13£0.12 0.25+0.08  1.56+0.07 0.34+0.02 5.06+2.20  6.93+2.74

24 Mean 13.82+1.75A 2.27+0.28B  23.38+2.59C  8.18+0.54A 0.99+0.16 0.26+0.06 1.56+0.10BC 0.32+0.03 4.12+1.41A 6.43+1.64A

14 Mean CK 10.49+2.05¢ 2.37+0.38b  29.58+3.39a  7.51+0.83  0.93+0.12 0.32+0.09  1.63+0.18 0.31x0.04 3.12+1.08  5.38+1.49

N 11.21b+2.48¢  2.54+0.43ab  26.67+3.77b  7.21+0.53  0.96+0.19 0.29+0.07  1.63+0.23  0.32+0.03 3.59+1.23  6.10+1.97

P 11.58+2.71h 2.59+0.43ab  27.12+£3.25b  7.58+0.70  0.96+0.17 0.30+0.09  1.62+0.26 0.30+0.04 3.45+1.28  5.89+1.92

NPK 13.49+2.35a 2.86+0.36a  26.71+3.57b  7.50£0.59  0.94+0.17 0.30+0.10  1.55+0.19 0.31+0.04 3.72+1.84  5.76+2.06

T K B3R AN R R FI AL B ) 22 5 12 25 (P<0.05) 5 /NG “FREFR R i) — XHIASTCT AN [] i HE 4 PR B) 22 57 (2.3 (P<0.05) ; EAREFR /R A

) 4 FR ) JE & 25 25 57 (P=0.05) o

Note: Capital letters indicate the significant difference among different mowing frequencies (P<0.05) ; Lowercase letters indicate the significant

difference among different fertilization treatments under the same mowing frequency (P<0.05) ; No label indicates no significant difference among different

treatments.

M3 Ab FHAS [i] i AU Ak 3 F R £ 2 5 1 22 (R4 7R o 22
5 (P<0.05,7%4), M1 F1 M4 &b P44 F NPK 4b B
HEASHEEERTNMPAI, /i M3 4LH T =%
(N.PHINPK) O % 22 5% . 5 CKAHLL , M1AFE R N,
P NPK &b #2511 5 23 51 35 1 0.05.0.16..2.99
AR M3 PR S R A S 0 2.10.2.39
2734 E G a5, M4 A B AR 11 B 2 A A N 1,66
2.43 4524 EH 41 M . FEM3ALFEZ4F R NP5 NPK 4b
PRAHILZF 4 & 2 (R o 25 5% . 5 CKAHEL, N . PFI
NPK Kb 2 0 25 4 5 185 BRI T 3.69.1.73.3.40 1
oy, P CK 5 PANE B %255
2.4 EMLEFUIREER

Bifi 2 R E AR 0, 246 8 1 P34 25 0 L FER
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TR (R 2) , iR 5 S 7E M4
REPRR R 3. MAT M1 ALIE, M2 M3 F1 M4 &b #if
() 2L - Fo 3 1) 0 3 AT 42% . 51% 1 63% , IR 75 %43
PR 6.68 .13.01.65.19 4 F 43 1.

Jiti B A PR 5 46 ) 4 25 LR R T 3 Y
i (£ 3). 5 CKAEL, NP FINPK &b 2 1 250 He 43
WA 6.0% . 17.2% F1 12.9% , & T 43 B FEA% 3.70.
5.04.2.13 1N E 4 Mo FEARFEIRER KT, 4 it JE
AR FRT EEAE B A - Y ZE - b FIER T 2 A4 5 I TG
F2E (K 2), 1M1 M2 F1 M4 ZEFER it HE 4 BE Ay
2R FE B CK AR BRAEG , 1T M3 251F T N AR BRAGZE 0T L
FHXT CK b BRI 2.0% . £E M2 F1 M3 Z5 4 45 Jiti i
S FRIR T LT CKALHE
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Figure 2 The effect of mowing frequency and fertilization on the stem—leaf ratio and turning—green ratio of alfalfa
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