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T FE: B ERT Lg(6' x 3°) & 7 & #h b K 4 3R AT o B ARG T E B M A ALE LNKP JE
RELFRANHELESFENT N, EREA . EXRIT T EGFARTEFLEEF(Pn) AL BE(GCs) KL
I E(WUE) vt & 4B R IR CO, 3R JE (Ci) Wy 3k 2 46 % 3 K 2 (Melilotus offcinalia) + 7 HLAE 36 t-hm =2
NPK(N 165 kg*hm~2.P 135 kg-hm 252 K 135 kg-hm=2) + A 15t-hm 2, X 5 Pn . Gs WUE . * % £ 4 ERH K Ci &
MBI IS —ZK,GEET ERRITERNTEM 4 ANBEEAEBAEE(T) Pn. G R Ci B aREKRNAN
SR> HALE > NPK > BT, %t WUE Bt & 2B WP W AR AN & F > NPK > A ALIE > 5 FF; & A o g LR
P Tr Gs \WUE R %54 & /”I’J’flﬁi%(P<0 01),NPK %t Pn.Gs WUE R % FZ G EXHREE(P<
0.01),% Tr f Ci ¥ B % (P<0.05), 5T FAEAMM Pnfo WUE YR L% (P<0.01); ZF4 Pn.Tr. Gs . WUE

R aBRFERTRAAR(P<0.05), ﬁﬂfiéﬁ Pn.Gs WUE B & %4 &R %" T LW E % (Medicago sati-
va ) F1 I 4T ¥E ( Astragalus adsurgens ) , K A B3 3k ¥ ( Elymus cylindricus ) ¥ Pn . WUE X" 4% £ 4 ERF 5 T 12 K
( Agropyron cristatum) F0 % i 7k 3 ( Agropyron mongolicum Keng) ; #1 X AT K W, Pn 5§ Tr . Gs \WUE Rt % %4 & EM®
BEEAHEKX(P<0.01),5 C EMBFRAEK(P<0.01),
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Effects of varieties and fertilization on the photosynthetic characteristics
of forages in secondary saline-alkali land
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Abstract: To compare the effects of species, organic manure, NPK and sophora alopecuroides straw on leaf photo-
synthetic characteristics, an artificial pasture planting in Ningxia in arid sandy area using Lig(6' x 3°) orthogonal test was
implemented. The results showed that the optimal combination to enhance net photosynthetic rate ( Pn), stomatal con-
ductance ( Gs), water use efficiency ( WUE ), chlorophyll content and intercellular CO, concentration( Ci) was to use
Melilotus offcinalia + organic manure 36 thm~2 + NPK (N 165 kg-hm~2, P 135 kg*hm~2 and K 135 kg-hm~2) +
straw 15 t-hm~2. The combination was consistent with the Treatment 15 that had the highest Pn, Gs, WUE, chloro-
phyll content and lowest Ci. The influencing effects on transpiration rate ( 7r), Pn, Gs, Ci were in the order of species
> organic manure > NPK > straw and WUE , and for chlorophyll content, the order was species > NPK > organic manure

> straw. The effects of species and organic manure on Pn, transpiration rate, Gs, WUE and chlorophyll content were
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highly significant (P <0.01), and those of NPK on Pn, Gs, WUE and chlorophyll content were highly significant ( P
<0.01) but significant (P <0.05) on transpiration and rate Ci. Effects of straw on Pn and WUE were highly signifi-
cant (P <0.01). Legume was significantly ( P < 0.05) higher in Pn, Tr, Gs, WUE and chlorophyll content than

gramineae. Melilotus suaveolens had stronger productive performance than Medicago sativa and Astragalus adsurgens ,

and Elymus cylindricus had higher Pn, WUE and chlorophyll content than Agropyron cristatum and Agropyron mon-

golicum Keng . Pn had highly significant positive correlations with 7r, Gs, WUE and chlorophyll content and significant

negative correlation with Ci (P <0.01).

Keywords: forages varieties; secondary saline-alkali land; photosynthetic characteristics; organic manure; fertilizer

N, P and K; Sophora alopecuroides straw

S ERENEAL T M 1 x 10° hm?, 5 i Hi 3 T AR
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1.1 HREHR

SR IXA T 7 B I X AR FR SR B (106°
30’ ~ 107°47'E, 37°04’ ~ 38°10'N) , Z H i & & + &
J5, 65 B S RV WAHE , JE T MR R M, 4
B 7.7°C, W it de e AR (IR AR 43 51 381 1°C
Fl = 29.6°C, & T HEJ5 [n) 2 B8 A9 2o Hly o AR B
K2 280 mm, 78 & HE 24 2 710 mm, 3 TCFE Y 165
do IR H N TR AE S, HEWE FH /K R OK
b R R KR 2 . A R

F)Z2(0~20 ecm) HIEFIKE 5.62% ,pH 1H 9.15, 4
AR 0.31% , AL S 5.33 gokg '

®1 EXRBEERKFRIT

Table 1  The factors and levels in orthogonal test
5 S o U B 1
Treaument  Species(A) fm () NPK(©) Straw(D)
1 A B, Cy D,
2 Ay B, G D,
3 A B; G D;
4 Ay B, G D,
5 Ay B, G D;
6 A, Bs G D,
7 A3 B, C, D,
8 As B, G D,
9 As By G D;
10 Ay B, Cs D;
11 Ay B, C, D,
12 Ay B, G D,
13 As B, Cs Dy
14 As B, C, D;
15 As B; G, D,
16 A¢ B, G, D;
17 A¢ B, Cs D,
18 As Bs C, D,

1.2 gt

RHAZHZIRGIEZ BT Lig(6' x 3°), I ZEK
PR ILE 1o 364 AR R A B AR B, 6
IR i BEVKRE ( Agropyron cristatum) (A) (5%
VK B ( Agropyron mongolicum Keng ) (A,) V04T HE
(Astragalus adsurgens ) (Az) VETEHETE( Medicago sati-
va)(Ay)  FRME ( Melilotus offcinalia ) (As) Fl4% H% &
(Elymus eylindricus Franch. )(Ag) o K% B NAHIE,
3ATRARI N 12 t-hm~2(B;) .24 t-hm~*(B,) Fil 36
thm 2 (Bs), IE C I NPK il b (N: P: K =
11:9:9) ,3 PKPARUCHARAERL HL (N 55 kg*hm™* P
45 kg-hm™2F1 K 45 kg-hm~2) (C;) . HAEFCEL (N 165
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kg+hm=2 P 135 kg*hm~2F1 K 135 kg-hm~2) (C,) Fl {5
JERC (N 275 kg-hm =2 P 225 kg-hm~2fl K 225 kg-
hm2)(C3)o HE D WFEFF, 3 ANIKPARK N 5 ¢
hm~2(D;) .15 t-hm~2(D,) .25 t-hm~2(D;), 3L 18 4~
AbEE L TAT 3 IR, /NX AR 25 m* (5 mx 5 m),
1.3 HERERIBEMEIE

2012 4 4 H 16 Hiiti AFERE , A VUL FIAS FF7E £
BRI, — M ST R AR E A . R
NEF G N 19 30% 1E AL, IR 5B AL 70% , B
REFHAR REAE A b I, 5 A sl SR FHA P 4%t . A HILAE
SR RSN M3 TR SRR, AR R
K (N 46% ) , W IE AR — 4% (N 16% PO, 46% ) , £
NEAHRERE (K0 50% ). T 2012 4F 6 J] 2 HAER,
RABHERE 15 kg hm =2, GRHE R 30 kg-hm 2,
PR 4 H% , ATHE 30 emo 320560 399 18] 2R FH A [A) A9 4%
PRt , 5 R, 2 R TR
1.4 MEANBESFHZE

T20134 7 H 6 H, H¥#E PP - Systems 2\ ]
A7) CIRAS - 2 BGAA, 7E 1 F 9:00 ~ 11:30 45
NSRRI B TG HE | BARRRSE ) 3 At
A IE M A GG HR(P) SALSEE(Gs) R
R(Tr) MIE) CO, W (Ci) %45 H5, [Al I ] SPAD —
502 -4 A 7 AR S 2R 5t (( Chl ), 7K 53 R
R (WUE ) RN : WUE = Pn/Tro

1.5 #EHH

i Excel 2003 HEATEE ST, I SPSS18.0 47
75 2253041, 3% Duncan %347 2 8 LA, FIIH Pear-
son AHIE RELIEAT A TR o

2 ZER50HT

2.1 WIMEHEEIELGERNZMN

JH Duncan 7573 2 /7 18 PMEFRAYE L& R
AT 22500, RN F R IR (£ 3),4 1 HEK
XFH O B 22 1Y 5 e Ok B AR KO (P <
0.01) M4 ZE R FIAKR = dx R x M*>(d H¥r
TR M PRIV 8 80 7 [F] KT S5 A i)
2 R, AP ZE RN A> B> C> D,
AR, S HEERBEE N A>B>C> D,
HENZH RS R (R 2) A, HE A FAHKF
FIEKANA As> Ay > A3 > Ag> Ay > AL BR AL S
AN HERIKFEREE(P<0.05), HE B
fHRK/NA By > By > B, #5 /K FEFBE(P<0.05),
BEA HLIE R 3G gt G F ok, R C ¥R
INKCo> Ca> G, SR EFEFH(P<0.05),
R DBEKANH Dy > Dy > Dy, HIKFERARE (P
>0.05), At & BRI A SN
AsB3CoD,, S H R = LA AsBsCoD, (Zh P
15) 58430, IESE T IS4 R A AT 5k

x2 TRALEHAGHESHERESE

Table 2 Photosynthetic characteristics and chlorophyll content with different treatments

Jasty PP LS ZEHE AR Jia1E] CO, ¥ LS E eI ES MR R
N Pn Tr i Gs WUE Chlorophyll content
/(pmol*m=%+s7")  /(mmol-m=2-s7") /(pmol=mol ~1) /(pmol*m=2+571) /(mmol *mol ~*) /%
1 8.82+0.11 2.82+0.03 252.28 £3.07 86.34+1.05 3.13+0.04 33.44+0.41
2 9.23+0.31 2.85+0.10 225.34+£7.65 102.26 +3.47 3.24+0.11 35.80+1.22
3 9.93+0.30 2.95+0.09 195.39+5.88 122.71+3.69 3.37+0.10 38.16+1.15
4 9.23+0.38 2.91+0.12 217.45+8.94 95.73+3.94 3.17+0.13 35.30+£1.45
5 10.25+0.18 2.96+0.05 205.72+3.56 137.23 +2.38 3.46+0.06 37.19+0.64
6 9.51+0.12 2.98+0.04 222.18+2.69 93.50+1.13 3.19+0.04 33.10+£0.40
7 14.87+0.33 3.75+0.08 173.95+3.82 139.22+3.05 3.97+0.09 44.83+0.98
8 16.15+£0.27 3.98+0.07 186.32+£3.12 155.46 +2.60 4.06+0.07 48.10+0.81
9 18.53£0.59 4.20+0.13 220.49+7.05 169.69 +5.42 4.41+0.14 51.37+1.64
10 18.96 £ 0.67 4.12+0.15 201.51+7.10 156.34 +5.51 4.60+0.16 45.64+1.61
11 18.83+0.74 4.10+0.16 193.58 +7.63 163.69 +6.45 4.59+0.18 45.90+1.81
12 22.56+0.58 4.56+0.12 160.64 +4.10 186.04 +4.75 4.95+0.13 47.74+1.22
13 21.38+0.51 4.01+0.10 176.42 +4.18 190.09 +4.50 5.33+0.13 53.28+1.26
14 2.42+1.12 4.03+0.20 178.61 + 8.89 191.82+9.55 5.56+0.28 53.70£2.67
15 27.96+0.39 4.52+0.06 136.79+1.92 229.55+3.22 6.19+0.09 56.12+0.79
16 10.77+0.42 2.76 +£0.11 215.37+£8.37 104.02+4.04 3.90+0.15 38.67+1.50
17 11.92+0.26 2.93+0.07 186.26 +4.12 132.62+2.93 4.07+0.09 43.73+0.97
18 10.65+0.49 2.99+0.14 208.82+9.62 116.32+5.36 3.56+0.16 40.20+1.85
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2.2 M5 AR X 2 MEE 1 R0 HH—E,

XIZE N A AT R B 2007 (R 3), 1 F
FP {ERTAL, RIZE A B X281 R Al 2 2 (P <
0.01),NZE CEMBEE(P<0.05),HE D FEHA
BFH(P>0.05), [FAFEMELZE R K/NNA>B>
C>D,HtAg i, A HEEWMAEE N A>B>C> D,
HRNZE S, R A AN Ay > As>
As> Ay > Ag> AL S ERHBER TARAR(P <
0.05), i A, 5 A ZHRARE WEHBEST
A3(P<0.05), E BIEKR/NA By > B, > By, H
T B 5B EFARE HEEB EREE(P<
0.05), ZIA LB 3 KV B4 m TR B H %,
HZE CHERKNHI C > G >C,G 5 Cy ZR AR
F,5 0 ERWEE(P<0.05), HE DIBHMHEK/N
D >Dy> Dy, FKFEEFAEE, HTFHRZE DX
FRIB AR A 2 I Z 08 % D 2 E L
AR AF R BHR M A AN ABGD, (v =
1,2,3), 5B HE R R E A G AB;CD, (bHE 12)

2.3 mFSHERXTAEE CO, iR E RN
XTHIIE] CO, W BE #EAT RV 2R 8] 7 22 43 B, 45 R L
Fa, K A XHIE] CO, W FE S M B i 25 (P <
0.01),A& B CmMEE(P<0.05),HE D ¥
MAEZE (P >0.05), FAKFEEMTZE R KN A
>B>C>D,Hit, FHRENZMFEE N A>B>C>
D, WERMT 2GRV, BER A BERNR A<
Ap<Ay<Ag< Ay <A As SHERFEREE(P <
0.05), & B¥EK/NHN B;<B,<B;,B; 5B, 2
SARE, 5B EZREE(P<0.05), HE CHHE
KINKy C<C<(C,G 5 Cs %E$E%,5 (o 5
BE(P<0.05), HE DHEK/NN D, <D, <Ds,
FAPEZERARE, B TEZE DX HE Co, ¥IE
UREIRAN I 2, G AT Z2 88 2R D ) 2 8 LA GG
R MR CO, WREERARM RGN AsB;CoD, (1 =
1,2,3), S5 CO, W HRARMAA AsB;CoD,y (A0 FH
15)AH—2

R3 SRABGERMBBERHHESTRRE

Table 3 The variance analyses and ranges of Pn and Tr

K HEA R Po/(pmol m™2+s71) ZEMEH R Tr/(mmol m™2+s71)

Levels A B C A B C D
1 9.33e 14.01¢ 14.18¢ 14.87a 2.87c 3.40b 3.45b 3.55a
2 9.66e 14.80b 15.98a 15.32a 2.95¢ 3.48b 3.60a 3.52a
3 16.52¢ 16.52a 15.16b 15.14a 3.98b 3.70a 3.53ab 3.51a
4 20.12b 4.26a
5 23.92a 4.19a
6 11.11d 2.89%¢
R 14.59 2.51 1.80 0.45 1.39 0.30 0.15 0.04
R’ 9.35 3.20 2.29 0.57 0.89 0.38 0.19 0.05
F 311.05 28.06 23.18 10.31 120.14 12.86 3.24 0.57
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.05 0.57

TE: R 2%, R N RKFSE R 22, RS R NE B R oR 28 53 .25 (P < 0.05) , Rl

Note: R and R’ are the range of the same factor. Values within a column followed by different letters are significantly different at P < 0.05 level and here-

inafter.

2.4 RME5HEEMSILSENZME

AL AL T BE A IR R (8] 22 43 B 4 R L3R
4,F K ah Rl I A B A C XL T BE 5
WEE(P<0.01),HE DEIHARE(P>0.05),
[FZKF S ZE R KN A> B> C> D, 2555047
A, AR EHEEE N A>B>C>D, ZHLE
ZERAGH, R A BB KT As > Ay > Ay > Ag > Ay
>A1,I§/% Ay 5 AL A, 5 Aq %ﬁ$ﬁ%ﬁl\(F >
0.05), HEXKFEFEBE(P<0.05), HE B
HK/NA By>B,>B,,B, 5 By ERAWE, WHEY

B, ZREH(P<0.05), RIAVLILE 2.3 /KF-H
BRSETRAATE, HECHHEKIRN G> G >
C,GHGERABRE WES C ZREE(P<
0.05). HZE DHEK/NN Dy > Dy > Dy, K F-2
SARBE, HTHE D WIS EZWA LE,
WA 2R ZE D 2 E IR R, AL
BILAEH AsBsGsD, (x =1,2,3), 5L S E /&
FIZL A AsBsGoD, (A FE 15)MHH, RAERE ¢ A~—
M C 5 G ZRARRE, UL IEACSL I 45 ]
HE .
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Table 4 The variance analyses and ranges of Ci and Gs
K Jal] COy ¥RIE Ci/(pamol - mol 1) SALFHEE Gs/(pmol-m™2-57")
Levels A B C D A B C D
1 224.34a 206.16a 204.90a 195.83a 103.77e 128.62b 131.81b 140.98a
2 215.12ab 195.97ab 190.32b 194.17a 108.82de 147.18a 145.51a 140.82a
3 193.59¢ 190.72b 197.63ab 202.85a 154.79¢ 152.97a 151.45a 146.97a
4 185.24¢ 168.69b
5 163.94d 203.82a
6 203 .48bc 117.65d
R 60.40 15.45 14.58 8.68 100.05 24.35 19.64 6.15
R 38.70 19.68 18.57 11.05 64.11 31.01 25.01 7.83
F 12.44 3.25 4.55 2.85 122.07 25.16 16.18 2.32
P <0.01 <0.05 0.02 0.07 <0.01 <0.01 <0.01 0.11

2.5 TS HEBR XSk 43 R R B 0

25 A B K 43I FH AR P (0] 7 25 0 B 235 51 I
5, F R, 4 4P RN 7K 43 1 FH 8503 10 5% i
HRFE TR E KT (P <0.01), [[AKT- Mk 2%
RK/NHA>C>B>D, 24 FEKP EHMAH, %
HEMMFEE N A>C>B>D, FHRHNLEILES
HLHEAR ABERINH As > Ay > Ay > Ag> Ay > A,
bR A 5 A ZFAREI(P>0.05), HEKKF
2R BE(P <0.05), ERHA Ko FI AR ) 8 2%

T ARAEBHP<0.05), HE B¥EHK/NHKB;>B,
>B,B; 5B, ZRARE, 5B ZREFH(P<
0.05), B2 CHIERNK G >G> CraC 5 G 2
FARE,WEL G ZREF(P<0.05), NED
BMER/NA Dy > Dy > Dy, Dy 5 D, ZRARZE, 5D
ZFRE(P<0.05) Ko HBRNRLAEH
AsB;CoDs, 5K A R e AL & AsB; CoD, (Ab
HISHME, HED A, D 5D, ZRAR
& IR 3 R ISR B TEAS S B 45 R e T HE Y

x5 KOFANENMHEFRSENHTESTRIRE
Table 5 The variance analyses and ranges of WUE and chlorophyll content

KT KA R B WUE/ (mmol mol =) M4 2 & Chlorophyll content/ %

Levels A B C A B C D
1 3.24e 4.03b 4.00b 4.05b 35.80d 41.86b 41.86b 43.40a
2 3.28e 4.16ab 4.25a 4.19ab 35.20d 44.07a 43.62a 42.85a
3 4.15¢ 4.27a 4.21a 4.22a 48.10b 44 .45a 44.90a 44.12a
4 4.71b 46.43b
5 5.69 54.37a
6 3.84d 40.87¢
R 2.45 0.24 0.25 0.17 19.17 2.59 3.04 1.27
R 1.57 0.31 0.32 0.22 12.28 3.30 3.87 1.62
F 155.85 6.08 12.22 8.67 93.26 6.44 6.45 0.13
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.88

2.6 mmIMSHEXMEESENRN

HEAKF 2R BE(P<0.05), SRR B 3%

AL B R B R R )7 2250 Brdh R L3k
5,F KB as B, R A B I C X RGP
Mt & (P <0.01), & D W AR (P>
0.05), F/KE4MM2% R K/ A>C>B>D,
MW, &HEEWFEE N A>C>B>D, ZE LKL
RAFHL, R ABERNDNN As> A3 > Ay > Ag> A >
ALBRA 5 A A 5 A ZRABEIN(P>0.05),

ETAAR, HERBHMEKR/NNB;>B,>B,,B, 5
By ZRARE HEE B 27 EE(P<0.05),
RCHERDNCG>C>C,05 6 ERARE,
PiES C ZREE(P<0.05). WE D HMEKN
F D3> Dy > Dy, HKFERARE ., ZBE A T
FMHEE D MEZE AL R, B R F RN
ﬁl‘jzﬂéj‘:’ AsB3C3Dx(% =1,2, 3) s Enféi%g%%%}
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MG AsB;CoDy (AR H 15) FEA—Z,

2.7 HEXEGSHEMHERSENEXRXER
TR (G 6) , ¥t B 528 B R |

SALTRE KR RCR S 4 % 5 i B AROE 3 R

(P <0.01), 5HufE] CO, MR S M B 25 T A 5

(P<0.01), MR 5L K FHIOR
L2 i AR IEARSC (P < 0.01), S HL[A]
CO, MPEM B H TG (P < 0.01) . JEfH] CO, e
HRSLFIE IR M FRCR e S 3 R
TAHR(P <0.01),

Ko RASHEMHERSENEXXR

Table 6 The correlation analyses of photosynthetic parameters and chlorophyll content

Ei Hob AR FRME R JaIE] CO, ¥R JEE SALSEE IKAT R R
Index Pn Tr Ci Gs WUE
IR Tr 0.938"
Mul|] Co, ¥RIE Ci —0.704"~ -0.572" "
SILRE G 0.966" * 0.901" -0.732" "
KAFIHE WUE 0.967" 0.851° " -0.676" " 0.951"*
MR AR Chl 0.925" " 0.883" " -0.620" " 0.947 0.937*

3 17 i

KA AEREAR YW 5 A 7= 1 S, 769 A
I FE A AR S IR L [ A3 S e A Pl B EE A
2 A A EZEN Po. Tr. Gs J% Ci 955 AR K
INE R R > A HLIE > NPK > 58T, % WUE B -4
R R R N AR > NPK > A HLIE > 75
T, S H AR o 1 S e R Rk B 2 K- (P
<0.01)o &SRR Pn ., Tr. Gs . WUE Jo 4%
TRBEERTRAR, EARBN Pn. Gs. WUE J%
Mo 2 i W TR E MNP ATRE , R AR
BHELRY) Pn  WUE JW 428 3 i I 25 5 T B VK
MEEH VKA, B HLUIEXS Pn. Tr. Gs . WUE J W43 %
SEREMEE(P<0.01),% CiHmEE(P<
0.05), A HUAE 36 t-hm =2 Pn B E, FZWH K
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