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Effect of different cropping patterns on forage organs matter
distribution and yield in saline-alkali soil

BA Tu.ZHAO Mengli. WANG Chengjie, LI Qian

(College of Ecological Environment , Inner Mongolia Agricultural University s Hohhot, Inner Mongolia 010019, China)

Abstract: [Objective] This paper studied the effect of mixed cropping on forage organs matter distri-
bution,carbon content,nitrogen content and yield changes in alfalfa saline pasture to select proper planting
patterns on saline land. [Method] Artificial grasslands with legume-graminaceous crop mixed cropping pat-
terns using alfalfa varieties Zhongcao No. 3,Caoyuan No. 3, Elymus sibiricus and Bromus inermis were se-
lected and monoculture and mixed cropping patterns were established. Plant height, fresh weight, dry
weight,nitrogen content, and carbon content were measured. [Result] Mixed cropping with alfalfas and
Elymus sibiricus and Bromus inermis improved plant height. The stem organ matter accumulated mostly at
early growth period of alfalfa,leaf and stem organ matter accumulation increased at middle stage,and the
matter transferred to flower gradually after flowering period. Total carbon and nitrogen contents of differ-

ent organs of Elymus sibiricus and Bromus inermis were lower than that of Zhongcao No. 3 and Caoyuan
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No. 3. Mixed cropping treatments improved the total nitrogen contents of Elymus sibiricus and Bromus in-

ermis. Zhongcao No. 3 and Elymus sibiricus mixed cropping treatment improved forage yield significantly

(P<C0.05). In the two cutting production processes,dry grass productions of Zhongcao No. 3 in Zhongcao

No. 3 and Elymus sibiricus mixed cropping were 15. 63% and 21. 95% higher than those of monoculture

Zhongcao No. 3,and 1. 23% and 8. 48% higher than those of monoculture Elymus sibiricus , respectively.

The yield of monoculture Zhongcao No. 3 was higher than that of Caoyuan No. 3. Dry weights of leaf,stem

and flower, total carbon content of flower,and dry grass yield all had very significantly positive correlation

(P<C0.01). [Conclusion) Zhongcao No. 3 and Elymus sibiricus mixed cropping treatment is suitable for

planting on heavy saline-alkali areas.

Key words:alfalfa; graminaceous forage;mixed cropping;matter distribution;yield
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Fig. 1 Changes of alfalfas height in different treatments
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Fig. 2 Changes of plant heights of Elymus sibiricus and Bromus inermis
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Table 1 Fresh weights of different forage organs kg/m?*
wH sk 7 EEl 53 ] AT FFAEH el
Organ Treatment Seeding stage Branching stage Squaring stage Flowering stage Mature stage

T1 0. 30 de 0.57 bed 0. 86 cd 1. 25 abce 1.26 ab
T2 0.27 ef 0. 53 cde 0.78 d 0.98 d 1.18 cd
T3 0.26 f 0. 60 be 1.03 b 1. 22 abc 1. 23 be
T4 0.25f 0.64 b 1.05b 1. 08 bed 1.18 cd
T5-1 0.37 a 0.73 a 0.99 b 1.31 a 1.31 a
W Leal T5-2 0.31 cd 0.63 b 1.22 a 1. 27 abe 1.30 ab
T6-1 0. 30 ab 0.73 a 0.99 b 1. 24 abc 1.28 ab
T6-2 0. 33 bed 0.46 ¢ 0. 94 be 1. 16 abed 1.28 ab
T7-1 0. 33 bed 0.52 de 0.78 d 1. 08 bed 1.09 e
T7-2 0. 32 bed 0. 53 cde 0. 98 bc 1. 16 abed 1. 14 de
T8-1 0. 34 abc 0.57 bed 0.77 d 1.05 cd 1.08 e
T8-2 0.31 cd 0.47 e 1.04 b 1. 15 abed 1.28 ab
T1 1.49 a 1.56 b 1.78 ab 1.83 e 2.18d
T2 1.37 ¢ 1.46 cd 1. 72 abce 1.78 { 2.14 d
T3 1. 26 de 1.28 1.41 ¢ 1.44 k 1.50 g
T4 1. 25 de 1.45 cd 1. 46 be 1.48 ] 1.49 g
T5-1 1.54 a 1.69 a 1.98 a 2.06 b 2.42 be
2 Stem T5-2 1.30d 1.36 e 1. 54 be 1.73 g 1.75 e
T6-1 1.53 a 1.68 a 1.94 a 2.02 ¢ 2.40 ¢
T6-2 1. 27 de 1.42 d 1. 58 be 1. 63 hi 1.65 f
T7-1 1.22 e 1.29 1.95 a 1.98 d 2.46 b
T7-2 1. 26 de 1.31 ef 1. 47 be 1.61 h 1.72 ¢
T8-1 1.43 b 1.48 ¢ 1.96 a 2.14 a 2.59 a
T8-2 1. 25 de 1.44 cd 1. 55 be 1.60 i 1.61f
T1 — — — 0.02 ¢ 0.04 ¢
T2 - — - 0.04 a 0.09 a
15 Flower T5-1 — — - 0.03 b 0.06 b
T6-1 - - — 0.02 ¢ 0.04 ¢
T7-1 — - - 0.02 ¢ 0.02 d
T8-1 - — - 0.01d 0.01 e

T« [ S B JE bR AR /NG 52 B3R R 7R P<<0. 05 KF L2257 B 355

—UHRRTC. K 2~4 T,

Note: Different small letters mean significant difference at P<C0. 05 level,“—" stands for not detected. The same for tables 2—4

2.3 AEAREBEHEZRRETHRENHEEN

i 2 A, %mﬂiﬂﬁﬂ’ﬂ?ﬁgﬁﬁﬁiﬁ“
P S5 AR L B A A T S A A T D B
ﬁ%&iEﬁ%%%ﬁ%&ﬁ%i%*lﬁﬁiﬁ'ﬂﬂ@ﬁ
B Z IR ARG, IR AR AL PR R R T AR AR
B, I LR AR AL B rb A AR A A T R T BB R
R, B A BEE T R R B

R T o B R R T 2R AR W SR AR EJF%
iR B AT AR K B T W SRRl s T AR
ZIa EEHEAAEARY AGSE TR m. 7
B AEFFACH], T5-1.T6-1 kb3 Ay T B 430 1 T1 4b
PHES 9.86% F1 11, 27% , T7-1,T8-1 gb ¥/ T i &
Ayt T2 Ah PR 7. 46 % Fi 8. 96 %, T5-2, T7-2 &b
PHA 5 o0 B e T3 A B 14, 29% F 6. 352,
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Table 2 Dry weights of different forage organs kg/m’
e JUE: Hidl 43K B TrAE LA
Organ Treatment Seeding stage Branching stage Squaring stage Flowering stage Mature stage
T1 0. 10 be 0. 16 abc 0. 22 abc 0. 23 abc 0. 24 bed
T2 0.09 be 0. 15 abc 0.19 abc 0. 20 be 0.22 cd
T3 0.08 ¢ 0. 14 be 0.18 be 0.19 ¢ 0.20d
T4 0.09 ¢ 0.13 ¢ 0.17 ¢ 0.18 ¢ 0.20d
T5-1 0.14 a 0.19 a 0.24 ab 0.26 a 0.30 a
0 Leaf T5-2 0.11 abc 0. 16 abc 0. 20 abc 0. 25 ab 0. 27 abc
T6-1 0.11 abc 0.18 ab 0.25 a 0.27 a 0.29 ab
T6-2 0.08 ¢ 0.14 be 0.24 ab 0.25 ab 0. 26 abc
T7-1 0.12 ab 0.18 ab 0. 22 abc 0. 23 abc 0.29 ab
T7-2 0.10 be 0. 15 abc 0. 20 abc 0. 23 abc 0. 25 abed
T8-1 0.11 abc 0.17 abc 0. 21 abc 0. 22 abc 0.28 ab
T8-2 0.09 be 0. 14 be 0. 21 abce 0. 22 abc 0. 25 abed
T1 0. 37 abc 0.39 a 0.45 b 0.47 cd 0. 48 abc
T2 0. 35 abc 0.38 a 0.44 be 0. 46 de 0.47 be
T3 0.32 ¢ 0.37 a 0. 43 be 0.44 f 0.45 ¢
T4 0. 33 be 0.36 a 0.42 ¢ 0.45 ef 0.45 ¢
T5-1 0.39 a 0.42 a 0.50 a 0.52 a 0.53 a
. T5-2 0. 35 abc 0.40 a 0.45b 0.47 cd 0.47 be
2% Stem
T6-1 0. 38 ab 0.42 a 0.49 a 0.50 b 0.53 a
T6-2 0. 34 abc 0.38 a 0. 44 be 0. 46 de 0. 46 bc
T7-1 0. 37 abc 0.40 a 0.49 a 0.48 ¢ 0. 50 abc
T7-2 0. 35 abc 0.38 a 0.44 a 0.44 f 0.45 ¢
T8-1 0. 36 abc 0.39 a 0.48 a 0.50 b 0.51 ab
T8-2 0. 34 abc 0.37 a 0.43 be 0.44 f 0.45 ¢
T1 — — — 0.01 a 0.01 b
T2 — — — 0.01 a 0.01 b
16 Flower T5-1 — — — 0.01 a 0.02 a
T6-1 - — — 0.01 a 0.01 b
T7-1 — — — 0.01 a 0.01 b
T8-1 — — — 0.01 a 0.01 b
21 FAMEHEEEERALBNTL LB RO BB T52 AREL S 14, 99% A1 79, 27%
HI3 3 A 0L, 25 b B R 0 2RI P AR 48 T7-2 AbFEE 0. 0300 42,58 %, T4 AbFmt Jr (25

HOERASTEMRALNZESER., PR35 Hh
STHAME ERE S ERT B EME S EE;
AR A8 E A To A e A 2R AR A R
Tt 3 SR 3 5 R AR E A 22 BN
AR DT T ARAE AL B A Jo A A R
e Er A IR AR N R SR AR B, T3 AR BRI L 255

AT o 4 A T6-2 Kb FE T 8. 32 % 1 56. 65 %,
A T8-2 Ah B 13.85% A1 95.50% i iE 3 5 5
i3 5 B BAE R AR 25 R AU,

mEIAWL. LA STEN S A F M HE X
TLREAE S EZ S BT EEN SR G EHRT
YRR, i RE 3 5 (RLJE 3 S AR GRAE AL B 1Y 2
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FHRAMeR ik, ZHRZ., T5-2 AW
MR SR T3 A3 e 422, 22 % F1392. 86 %
b T7-2 AbFHET 9. 62 % F1 15, 97 %, T6-2 4b 3 i -,
AR T4 A B 326. 10% F1157.02%, He
T8-2 Ab P 6. 52 % F1 0. 34 %,

S I WY R = WA AT TR = N Il g i = L

HPERL PR R RE 3 5 5 R 3 S5 ARk AL /N T
ZHTAELE ARG BRI R ST
TR Th 3 S 5 RE 3 52K kA LT
MR s AR R DT T RAEA B T S
2 1k AL AR T AR N AR AL B, R 3 5
3 5 I Bk & LG AW AT T AH R AR AR B, TS-1 b Fn:
F Bk & HE 43 B B T1, T6-1 4b B 31. 46 % A0
59. 54 % ,T8-1 kb B nt B % i & L 4> 5l %% T2, T6-1
AEFRES 71,99 % 66.71% .

£33 TEALBEHERRENEKR . SRSENRIALL

Table 3 Contents of total carbon,total nitrogen and carbon-nitrogen ratios of different forage organs

A H &/ % Total carbon

2 A &/ % Total nitrogen

k& It Carbon-nitrogen ratio

Trfilfem it e 1t it £ 1t nt E 1t
Leaf Stem Flower Leaf Stem Flower Leaf Stem Flower
T1 63.48 a 52.60 ab 51.44 a 1. 41 be 5.08 a 4,66 ab 32.45 b 19. 06 be 11.03 a
T2 74.50 a 52.51 ab 50. 27 a 2.95 abc 1.50 b 4.85 a 25.28 b 24. 34 be 39.86 a
T3 59.08 a 111.27 a — 0.72 ¢ 0.56 b — 97.36 a 70.47 a —
T4 55.57 a 98.16 ab — 1.15 ¢ 1.14 b — 49.53 b 48. 37 ab —
T5-1 86.09 a 49.95 b 38.29 a 2.02 abc 3.51 ab 2.16 abc 42.66 b 14. 25 be 10.61 a
T5-2 51.38 a 62.07 ab — 3. 76 abc 2.76 ab — 19.71 b 46. 16 abc —
T6-1 52.69 a 51.06 ab 49.96 a 2.32 abc 2.61 ab 2. 48 abc 26.74 b 12.51 ¢ 20.67 a
T6-2 51.30 a 62.66 ab — 4.90 a 2.93 ab — 23.12 b 24.42 be —
T7-1 54,11 a 53.16 ab 50.73 a 1.19 ¢ 1.65b 1. 47 be 26.08 b 30. 20 be 10.45 a
T7-2 59.06 a 78.04 ab — 3. 43 abc 2.38 ab — 41.77 b 32.78 be —
T8-1 113.37 a 53.44 ab 49.95 a 1.15 ¢ 2.45 ab 1.33 ¢ 43.48 b 35.53 abc 34,26 a
T8-2 48.81 a 50. 21 ab - 4,60 ab 2.92 ab - 15.61 b 17.23 be -

2.5 AAAEHEFFTENTL

B 4 AT UL LES 1 ORI, YR AR Ak B Y A ey
T AN A A EAL B, Hop, T5-1 1 T6-1 4k
A fF 757 B4 0 e T1 AR PR 9. 05 %6 1 6. 90%
T7-1 1 T8-1 4b B 4 51 bk T2 4b Hf &5 4. 85% M
7.93%.,T5-2 F1 T7-2 kb 3 4% %) [t T3 4b ¥ &5
12,64 %01 4. 69% .T6-2 F1 T8-2 4 Bf 43 %] kb T4 4b
HUE 9.55 % f1 8. 43 %, TRAE AL B E 3 5 1Y fif
B B TR 3 45, T5-2 Fi T6-2 Ab 34t i fif

WP iR T T7-2 f1 T8-2 AbBE, T5-1 F1 T6-1 &b
PR+ B & 4 Bt T 4 B & 15, 6400 M
13.17%, T7-1 1 T8-1 4b 4% 9 b T2 4b P 75
13.55% F1 14. 41%, T5-2 F1 T7-2 kb ¥8 4> 51 bk T3
QBB 13,89 % A1 8. 02% . T6-2 Fll T8-2 kb B 43 51|
Fo T4 AbFRWES 11.42% A1 7.72% ., mtbal W, sh & 3
55T A IR AE A A O AR T R Y R T
L Vi

x4 FEAREHNHETE
Table 4 Forage biomass differences among different treatments t/hm?*
) %5 1 K AE] The first cutting 55 2 A #| The second cutting
b B - - - -
Trostment e TR B o FErR
Fresh yield Hay yield Fresh yield Hay yield
T1 34.80 ab 7.29 bed 19. 14 be 4.01 cde
T2 34.05 be 7.01 cd 19. 07 be 3.93 cde
T3 27.30 e 6.48 d 15.56 e 3.69 e
T4 26.70 e 6.48 d 15.49 e 3.76 de
T5-1 37.95 a 8.43 a 22.01 a 4.89 a
T5-2 30.75 cd 7.38 be 18. 14 cd 4. 35 abce
T6-1 37.20 ab 8.25 a 21.58 a 4.79 ab
T6-2 29. 25 de 7.22 bed 17. 26 cde 4. 26 bed
T7-1 35.70 ab 7.96 ab 21.06 ab 4.70 ab
T7-2 28.58 de 7.00 cd 16. 58 de 4.06 cde
T8-1 36.75 ab 8.02 ab 21.68 a 4.73 ab
T8-2 28.95 de 6.98 cd 16.79 de 4.05 cde
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B PB4 B AE S R AR TR A X R A ] 9 43 C R e ) 5 63

2 4 AT LAE A 2 YONE I TR AR Ak B Y
WO 7 o T AR (Y B AL B, T5-1 Kb B i B
TR Ay A T1 4b ¥R 15, 00% 1 21. 952,
T5-2 Ab38 4 5 kb T3 &b PR 16, 59% F1 17. 88% .
T7-1 kb3 48 5 e T2 kb PR 12, 73% Fi1 19. 34 %,
T7-2 Ab3R 53 5 1 T3 AR PR 11, 44 % F1 13, 34 %,
T7-1 kb 30 6 7 7 5 00 5 e T2 4k 3
10. 46 % 11 19. 64 % , T7-2 kb B4 5] Lt T3 4k P 75
6.53% F1 9. 92%, T8-1 4b ¥ 4 W [t T2 kb P &
13. 71 % F11 20. 54 %, T8-2 kb ¥ 4% %] Lt T4 4k P 75
8. 43N 7.72% , LW UL, P 3 S 5 R
A Ak P Skt e Y AR i R TR R L HIRAE
F 3 R R R R TR 3

2.6 HELERETRENRESESTETEN
EP k2

2.6.1 ARALFT. AL EZT.HALETEEEN
Ak MRS T AT ESRA LR R
FIEA G (P<C0. 05) s 2526k & i 5 i A L 25 A
F A AR B3 IR A 6 (P<<0. 01) s B2k &l 5464
R AL A LI B P 2 IEAR DG (P<<0. 01) , 553
1RO ) 0 = g 2 B 3 0 A 56 (P<C0. 05) 5 fE & &
B S AR A L S 3 I A G (P<C0. 01) s i i A
L5 25 A L 2 0 B 3 E A DG (P<<0. 01D 556 1 kX
B A 2 YN A T AR O
(P<<0.01), Mt 464 Bk 2 5% 577 5 B iU 2 A
—E AR 2 WO E T R = 1 R %Y,

RS> HEERELEASCE £RAE BRAULSTFEFEANAXIEGH=12D

Table 5 Correlation analysis of total carbon,total nitrogen,carbon-nitrogen ratio and dry grass yield(n=12)
" e A S A - e e M1y 2 X
Wam  mAW AR AR ZAE  mEE o 5 ey B I
w i w i fli i fii E S A VAL s S
BN Total Total Total Total Total Total Carbon- Carbon- R Dry grass v grass
. . . . . nitrogen ; yield of
Index carbon carbon carbon nitrogen nitrogen nitrogen nitrogen nitrogen tio of yield of h
content content content content content content ratio ratio rﬁ 100 the first ¢ d
of leaf of stem of flower of leaf of stem of flower of leaf of stem ower cutting szﬁig
TERAN
Total carbon 1
content of leal
EX
Total carbon —0.242 1
content of stem
AR i
Total carbon 0.511 —0.624" 1
content of flower
M
Total nitrogen —0.340 —0.328 0.458 1
content of leaf
EX
Total nitrogen 0.088 —0.635" 0.281 0.257
content of stem
Iz
Total nitrogen 0.312 —0.517 0.828* * —0.263 0.383 1
content of flower
URTE- N
Carbon-nitrogen 0.186 0.809* * —0.220 —0.625*  —0.495 —0.227 1
ratio of leaf
ZWAIL
Carbon-nitrogen —0.069 0.862* * —0.507 —0.378 —0.669* —0.504 0.738* % 1
ratio of stem
LA
Carbon-nitrogen 0.677* —0.486 0.821** —0.262 —0.020 0.714** —0.165 —0.322 1
ratio of flower
51 KON E TR
Dry grass yield of 0.422 —0.722** 0.672*  —0.108 0.416 0. 307 —0. 364 —0.599* 0.414 1
the first cutting
552 WM E T R i
Dry grass yield of 0. 384 —0.665" 0.549 —0.046 0.317 0.125 —0.371 —0.527 0.329 0.978* * 1

the second cutting

Tex o« Flx AR FRTE 0.01 F10. 05 AP EEFBE. THMA,

Note: * * and * mean significant coefficient at 0. 01 level and 0. 05 level,respectively. The same below.

2.6.2 #MEa.THRESTEZZRASMALE HE
MRE Tl S TR A A A S E T S R L2 6,
HE6 M. FHRESETHRE.H 1 RAE T 5

S 2 YR E R R B R R B IEAH G (P<
0.0 ;22T 56T B A B 1 RXNH 57 5
552 YON B R R AR W IEAR DG (P<<0.01)5
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5 45 &

TR SHE 1 RN E T 5= a2 R % E AL
(P<C0. 01>, 555 2 YA #) 5= i 5 0 3% 1E A 5%
(P<C0.05); 2 WA & P= i & i B % IE A 56 (P<

0.01). B I F T Bt 25 F 0k 76 T X 2
VO] 7= B AT VBB IR 2 X 387 Bk 1 0 R 4.

R6 HEHKB . TRESTEFEEINEXEGR=12)

Table 6 Correlation analysis of height,dry weight and dry grass yield (n=12)
ERR/QUL 5 2 YOM K
. " A B EE T i B i i
TR ] . o . SIS P
Ind Plant height Dry weight Dry weight Dry weight of Dry grass Dry grass
naex ant heg of leaf of stem flower yield of the yield of the
first cutting second cutting
i Plant height 1
R B (
Dry weight of leaf 0. 190 !
ES NN o - s
Dry weight of stem 0.215 0.798 !
AT 5 0 20 - ‘e
Dry weight of flower 0.395 0. 568 0. 861 1
EERR/OUE R R Vs
Dry grass yield of —0.054 0.938"* 0.955"* 0.785" " 1
the first cutting
55 2 YON T i
Dry grass yield of —0.013 0.963" " 0.904 "~ 0.670" 0.978* 1

the second cutting

3 shik S

H T R TRAE BE A R R ) 2 1) K - S E
R o HE AR R A Ay AR 1 0 B
P o ARBFSEA R R W] IRAE S A AT B BT
Y A 34 R T AR L 10 LA A B, rp R 3 S R
TR Ak A fiF 55 | R R R R TR T AR
RAEAL B,

TERAFAL B AR KN R g 3 5 5
TR RAFAL P> Fr RT3 5 5 0 A A TR A AL B > R
J5i 3 5 5T A IR I >R 3 5 Pt R
VRAL L, Ho v T HH DL B B Ab B AT RS R B 3 5
5ORABHRAE X L SR A A B 5y . iz 45 e S
ESHEERT M 5 45 R A AR L2 A (B A AR A
EFHEPIBEIN N A 3 A A TR A P A 2 2y
F BN A PR T AR T K PR R 3 AR
TR A AN R 4518 0T RE 2 th T A S IR A Ak
R A BHBCRE g 2 22 2 MIC 48 22 5 DKo AR Ok
PEAR IR 3 17055 9 £ A5 IR SE 45 10 B AR — B,

TRAEE G P 3 b 2 8] B8 IR 25 T TR
KFR S B R 4% Ak B B A SR IE O A A3 [ D' e Y )
HIFE AL IR 3% 20 A 1 7 I SCR AR . Weigelt
SETRESEIN R RE RN 3 AR i N T B I IR AR RO AT
B B M e T LR E AR . ARRT TR R
B IRAE B LT B A AR ) R T AR A
I LA 35 B B o X E A I 2R R R S
PUBRZE 20, o2 7 7 R N 248 1 . T R
O3 e bR — E R B S WA ) A R 38 T 8 A A X

RV RBR ST SR R Ak A
& R B BT i AR B R i LA 2R ) o A R
S e DL ZE R B L AR T DS O ) Ak
{0 T R Y/ BTl BN 5y N > G e
U R A B AR R AR AR, T
VI TE A4 B 0 40 BT E SR KN Ol 25 > >
ML, B R A AR B R 14 S5 1) 25 AR A9 43 TE Lk
TR /D T ) AR A R g3 E 3 R AH AL, 3X A BB
& H1 T HORIR AR A2 2 RR 08 0 4 1 3 7 R B 3A L fil
it T SR VA AR TR EN S E . &
T 5 T A A ZE RN e R Al B o i AR rh
B3 MAER 3 S . AR FTRINT ZH RIELM
e TR E ST EEN SRS E. AMRIAE
FE TR A A B0 R A 7 A L K 5 AR AR AT
R R 3 S 5 A IREAE T EE R, i
B R e T b B X5 kR U T B B
FELSIEAHRL. 2 WX EI L 3 5 5 R IR AE
AR IR R R 3 R A ) L b B3 S B Ab
L5 G A FREABAN PR 355 9.05%,
2.02% F1 15. 00%. 21. 95% . T B 7= & 4 9 &
14.99%,1.99% 1 1.99% ,2. 09 %,
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