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Table 1- Field soil characteristics
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S 0y

(Sandy- 7.5 1.64 100 6.5 0.31 065 26 0.48 0-30

Loam)
S oy
(Sandy- 7.6 2.01 175 4.2 0.39 092 42 0.8 30-60

Loam)
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Table 2- Analysis of variance of studied traitsin alfaalfa
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S 3 296.636 ns 174.745 ns 613.67 ns 1267.53** 34.075ns
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Nutritious
A gls 12 520.992 177.857 2008.16 159 11.620
Error A
(B) pswisin, 2 22607.298** 2341.662** 1240.41** 665.1** 1350295* *
Bactgré a(B)
Nutritious x 8 2070.657** 312.371* 570.10* 89.3ns 28.915**
Bacteria
B sl 30 428.968 132.136 115.92 1046.697 0.573
Error B
©) ez 3 810.689+* 114.162* 226.5ns 2755.1+* 91.0592+*
Nutritious x 12 894.872** 65.617 ns 360.59 ns 177.31** 34.804**
Bacteria x 6 1350.692** 196.474** 278.27 ns 205.55* 2.680**
Cuttin
AxBx
Nutritious x *% S x
Bacteria x 24 209.578 ns 33.720 ns 1245.71 48ns 1.916
Cutting
C sl 135 139.226 41.185 249.079 81.306 0.981
Error C
QCV.) &l yosis g 26.80 12.34 553 16.76 281
Aoy ) 50 mhw o I s Gl g BB pae o Sy s NS
ns, * and ** not significant, signify cant at the 1 and 5% probability levels, respectively.
Y Jous anldl
Table 2- Continued
a> 4o . . 3 - -
Slpstiatie UL Bddy b Jubs 5 ol o $9) JEan
SO.V. af Chlorophyl a  Chlorophyl b Chlorophyl Fe Zn Mn
A 3 511ns 1577.93¢* 25.766 ns 73799ns  58630ns  13.487ns
Replication
(A) gazoz, 4 1009+ 456 ns 37300°%  102136.90**  84.750* 5403+
Nutritious
A gl 12 2.220 163.266 13.922 1522.93 23.402 5.247
Error A
(B) pasz, 2 131.77%* 1077.75ns 531.43+* 42860.051**  273.714**  972.166**
Bacteria (B)
AB
Nutritious x 8 38** 732.97 ns 230.83+* 6104.056 ** 36.34 ** 196.14 **
Bacteria
B sl 30 9.168 405.008 7.350 679.707 7.131 7.805
Error B
(C?tt%’é 3 188.8** 928.15 ns 25ns 436.992ns  175.30**  424.49**
AC
Nutritious x 12 41.5%* 4864.5+* 0.84ns 9092.730 ** 29.86 ** 48.37 **
Cutting
BC
Bacteria x 6 6.81ns 276.18 ns 0.08 ns 3324.873 ** 12.34ns 26.81 **
Pickin
AxBx
Nitritious 24 41ns 4508 ns 0.91ns 446425ns  5355%*  817ns
Cutting
gr%”r“‘c’ 135 3.658 409.315 3.164 837.304 9.594 8.180
QOCV.) &l yuds gy 6.54 24.74 4.83 18.17 7.09 6.14

Aoy ) 50 maw jo o dixe il ge DS pas o3 Fay e NS
ns, * and ** not significant, signify cant at the 1 and 5% probability levels, respectively.
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Table 3- Mean comparison the effect of a micro nutrinets foliar application and rhizobium
for some measured traits of alfaalfa

F 0l . . . .
. 4:: SRFON g yagus 85 g ks - Slyine
) Backteria Leaf . Total 0! slgie P
Nutritious ! ﬁt&“ Fresh Ch;or::)gr;gyl I cn orophyll  Fe(mg/g) Mn
Weight 1
Weight eg mg/'g (mg/g)
| P393 33.25¢ 8.243d 30.47c 49.14bc 222.6a 38.56e
) Rhizobium 1
! Yesisi) 80.68ab  24.75ab 31.07c 50.27b 142.5bcd 50.94ab
Fe Rhizobium 2
PRSI 09N 47.90ce  1251cd 34.30b 45.50de 150.4bc 41.97d
Without Rhizobium
| po93ty 55.49¢ 12.65cd 30.47¢c 51.72b 147.4 bc 51.75a
Rhizobium 1
&9 Yesrasns 89.44a 25.77a 40.92a 41.93f 127.4cd 43.88cd
7n Rhizobium 2
| PERIN) OIN 37.39de 10.40d 32.11c 42.74f 67.25¢ 4851b
Without Rhizobium
| Po93y 4150ce  17.87abcd 25.20d 36.90g 159.8b 52.25a
Rhizobium 1
P Yeseisit) 4525ce  12.97cd 41.24a 41.62f 6488  50.8lab
Mn Rhizobium 2
PIRINY OIN
Without Rhizobium 54.50ce 11.68 cd 31.77c 53.98a 163.4b 43.69cd
| Po93 43.63ce 9.422d 30.90c 50.97b 141.40cd 52.44a
Rhizobium 1
et eyt ol Yoz 7181b  2050abc  39.05a 47,67 1394bcd  43.13cd
Fet+Zn+Mn Rhizobium 2
| PERIN) OIN 43.75¢ce 10.74d 28.80c 45.11e 204.9a 44.25¢cd
Without Rhizobium
| po93 4730ce  116lcd 29.88¢c 46.54de 200.6a 44.31cd
Jelo (g Rhizobium 1
- Yesaits 76728  23.43ab 35.84b 47.36cd 116.2d 45.18¢
Without Rhizobium 2
Spraying PSR 09N 5155cd  156lbcd  29.85¢ 46.07e 57.81e 36.44e
Without Rhizobium

W Sl glasals aiz ga3T i 5l sl sine Slis (g 2 50 ailie By (1o (slagSibs
Means in each column, followed by similar letter(s) are not significantly different, using Duncan's multiple Range
Test.
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Table 4- Mean comparison the effect of micro nutrinets foliar application and cutting on
performance for some measured traits of alfaalfa
- _ Gl g ojs  adgle s Shes a sy 5 b Juds ks ] ey
,\‘f it (‘:u’s Cutting Stemfresh  Forageyield  Chl oroph}lll a Chl oroph}/II b Fe Mn
Weight g.m* t.ha® mg.g- mg.g mg.g* mg.g*
) oo 62.49 ab 47.17 efg 27.94] 3248¢ 1879a 42.33fg
Cutting 1
} e 45.39 de 53.42 cf 31.92fh 32.08¢ 1945a  49.58abc
o2l Cutting 2
Fe i 45.39 de 53.92c-e 37.83¢c 35.32b 4375d  40.25¢
Cutting 3
F o 62.49 ab 66.33ab 36.10d 3530b 1221c 4459 ¢f
Cutting 4
' oz 58.30 be 56b-e 30.38 ghi 3248¢ 174a  46.75b-e
Cutting 1
K 63.24ab 61.75 abc 32.42 ef 419%a 170.7ab  46.58b-e
&9y Cutting 2
Zn Yo 58.30 bc 59.50 bed 4150b 3312¢ 130c  45.50def
Cutting 3
F o 63.24 ab 59.83 bed 28.97 ij 4201a 167ab  49.58ahc
Cutting 4
e 39.92e 53.67 cf 30.65 gh 26.24d 185.1a 47.33b-e
Cutting 1
) W 48.25 cde 66.42 ab 3388 42252 1308c  46.58b-e
peLeey Cutting 2
Mn Yo 39.92e 4475 fg 32.71 ef 32.78¢ 132.1c  45.50def
Cutting 3
e 48.25 cde 53.67 cdef 31.44fg 26.17d 169.9ab 53.08a
Cutting 4
' oz 53.75 bed 55.50 b-f 32,63 ¢f 3291c 138.80c  45.42def
Cutting 1
+ 6yt ol c:tﬁz ) 52.38 bed 71.25a 4050b 41.06a 170.7ab  40.17 g
"y o
Fe+Zn+Mn el 52.75 bed 52.92 c.f 36.54 cd 30.82¢ 137.90c  48.72bcd
Cutting 3
F o 52.38 bed 66.25 ab 31L.72fg 4201a 171.88b 50.33ab
Cutting 4
e 7051a 42.17 efg 29.63 hi 30.90¢ 3767d 38679
Cutting 1
Johze o9 Vo 43.88 de 50.25 d-g 4717a 35.85b 4450d 45.75cf
- Cutting 2
Without Yo 7051a 62.92 abc 33.70e 30.85¢ 1332c  4213fg
Spraying Cutting 3
F o 43.88 de 47174 3380e 34.84 1684ab  46.17cde
Cutting 4

Test.

Wl Sl glasels aiz ygesl Ll 5l gl cire Digles g o 50 live B, gl sla Sl
Means in each column, followed by similar letter(s) are not significantly different, using Duncan's multiple Range
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Table 5- Comparison of mean interactions rhizobium and cutting for some measured traits of

dfaalfa
e ) aBlw 5 ¢339 Sy o adgle 5 ,Slos ool e
Backteria Cutting Stem Wel Leaf Fresh Forageyield Fe (mg/g) Mn
Weight g/m? Weight g/m? t/ha 9 (mg/g)
e 50.96 ¢ 15.59 bc 4563 e 121.9b 45.65 cd
Cutting 1
e 35.10d 8330e 58.15 bc 144.4b 46.65¢C
Y pom9 iy Cutting 2
Rhizobium 1 o 50.96 ¢ 1559 be 64.55 ab 1736a 43.40 de
Cutting 3
F o 35.10d 8.330e 48.90 de 129.6 b 52.90a
Cutting 4
e 68.18b 19.75ab 58.25 cd 12441 50.22 b
Cutting 1
e 7818a 23224 49.90 de 1715a 41.05 ef
Y pomoiy Cutting 2
Rhizobium 2 Yo 68.18 b 19758 67.75a 1456 b 43.35de
Cutting 3
Fo
. 78.76 a 23.22a 58.40 be 1272b 46.63¢
Cutting 4
e 51.84C 13.89 de 56.15 cd 119.4b 38.95f
Cutting 1
ili pae c:tﬂ’: ) 38.60d 10.50 de 55.60 cd 1785a 4518 cd
Whitout v, 9
Inculation il 51.84¢ 13.88 cd 49.10 de 126.3 b 49.63b
Cutting 3
F o 38.60d 10.50 de 65.50 ab 124.1b 46.96 ¢
Cutting 4

W Sl glaels wiz 95T 5 5l (sl sine alis Gy 52 0 aliie By (s lagSile
Means in each column, followed by similar letter(s) are not significantly different, using Duncan's multiple Range
Test.

WXy Gefign w0y p ez 9 SASL i ) (Ahsle Jlie ST GiSile dylin - Jguar
Table 6- Mean comparison the effect of micro nutrinets foliar application and rhizobium and
cutting on alfaalfa protein percentage

SR el Vo Yoz Yoz ¥
Nutritious Backteria cutting 1 cutting 2 cutting 3 cutting 4
RhiZODIUM T Y pywsass, 24.08i-n 24.60i-m 24.08i-n 24.60i-m
ool RhizObiUM 2 ¥ sgus3s, 25.02 - 25,60 25.02i-I 2560
Fe ) o
Without Rhizobium 22.92mn 2358 k-n 22.92mn 2358k-n
PIRIF) HIN
Rhizobium 1 Y egug, 24.23i-n 24.90i- 24.23i-n 24.90i-1
95 RhiZODIUM 2 ¥ pgus3s, 25.27i-n 25.35 25.27 ijk 25.35 -
Zn Without Rhizobium
L 22.60n 23.70j-n 22.60n 23.70j-n
PHRIR) (9N
Rhizobium1 Y pguwey 4550 ¢ 50 a 4550¢ 50a
Jern Rhizobium2 ¥ sgmsi, 38d 47.75b 38d 47.75b
Mn Without Rhizobi
1EhoLt Ryzobrum 3850d 4525¢ 3850d 45.25¢
PIR9F) HIN
; RRIZODIUML Y pgugsy, 31.20f 33.25¢e 31.20f 3325¢e
+ 89yt ¢ -
©RT Rhizobium2 ¥ pewsi, 29.38¢ 32.88e 29.38¢g 32.88e
7 Without Rhizobium
Fet+Zn+Mn L 27.75h 30.63 fg 27.75h 30.63fg
PHR9F) (9N
Rhizobium1 Y pgug, 24.58i-m 24.13i-n 24.58i-m 24.13i-n
aals Rhizobium 2 ¥ paws3, 2558 25.25ijk 2558 25.25 ijk
Control Without Rhizobi
ithout Rhizobium 23331mn 2317 mn 23331mn 2317 mn
PIN9FI (9N

5,105 Sl glasels sz yge3l Ll 5l gl cire Digles g o 0 dilie B, gl sla Sl
Means in each column, followed by similar |etter(s) are not significantly different, using Duncan's multiple Range
Test.
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Table 7- Comparison of mean interactions micro nutrients, cutting and rhizobium on zinc
content (mg.g™)

Gko s Vo Yo Yo ¥z
Nutritious Backteria Cutting 1 Cutting 2 Cutting 3 Cutting 4
RhiZODIUM L Y pgnrsie 47.75fo 39.50ip 38.75kp 42.25em
ol Rhizobium2 ¥ sgms3, 34.75p 40.50 fo 38.50 kp 40.25 go
Fe Without Rhizobi
thout Rhizobium 43.00 dm 43.25dm 4250 em 4450 ci
PINIFI OIN
RNIZODIUM L Y ponrase, 44.75ci 45.25 ch 38.50 kp 42.25em
9 Rhizobium2 ¥ pgugs, 39.00jp 40.75fo 44.00 ck 44.25 ¢j
Zn Without Rhizobi .
1oLt RILzobItm 41.75en 53.75a 54.00a 44.75 G
PIRIFI OIN
Rhizobium1 Y pgugi, 42.50 em 49.00 be 37.75mp 38.75kp
P Rhizobium2 ¥ sgue3, 41.75en 4475 ci 40.50 go 43.75cl
Mn Without Rhizobi
thout Rhizobium 40.00 gp 46.00 b 38.25Ip 46.25 be
PINIFI OIN
v cors oal Rhizobium1 Y pgmg3, 42.50 em 45.50 bg 38.501Ip 41.65en
©9T S Rhizobium2 ¥ pgsi, 40.00 gp 42.25em 39.75 hp 45.50 by
e Without Rhizobium
Fe+Zn+Mn o 46.00 bf 48.00 bed 41.00 eo 41.25 en
PIMIF) OIN
Rhizobium1 Y pgmg3, 36.75 nop 39.00jp 42.50 em 40.50 go
bl Rhizobium?2 ¥ egwgy 46.25 be 44.75 ci 35.750p 42.00 en
Control Without Rhizobi :
ot Rizooium 40.25go 42.00 en 50.50 ab 45.00 i
PINIFY OIN

W Sl glasals wiz ga3T i 5l sl sine Slis g 2y ailie By (1o (slagSibs
Means in each column, followed by similar |etter(s) are not significantly different, using Duncan's multiple Range
Test.

axig o (e y p)5) &9 JS 5 035 32 6L g (e 3 blie Sl (5:Sils aslie —A Jgoa
Table 8- Comparison of mean interactions mcro ntrient and cutting and rhizobium on total

fresh weight (g.m™)
) e Vo2 Vo Yoz ¥ oz
Nutritious Backteria Cutting 1 Cutting 2 Cutting 3 Cutting 4
Rhizobium 1 Y pgwsy, 76.07 abc 77.22 abc 76.38 ab 79.26 a
o8l Rhizobium2 ¥ pgumsz,  67.39j-m 62.55 nop 69.53 h-m 71.56 d-j
Fe Without Rhizobi
thout Rhizobium 74.46 b-f 7385¢g 75.97 abc 75.45 a-d
P9I OIN
Rhizobium 1 3y egwss2; 68.32i-m 69.38 h-m 70.47 f-k 71.18 ek
895 Rhizobium2 ¥ sgug, 70.51 f-k 71.31 e 73.05¢c-h 75.88 abc
> ) o f
" Without Rhizobium 55.38'5 56.97 s 57.421s 60.17 o-r
P9I OIN
Rhizobium1 1 pgwgi, 37y 39.25 wxy 40.75 v-y 46 u
JRIN Rhizobium2 ¥ egwgy 37.5xy 40 wxy 44.50 uv 50.75t
Mn Without Rhizobi
thou . I,Zo um 38 xy 45.75u 41.25 vwx 42.25 uvw
PI9F) OIN
v ey oj RNizObUML Y egug, 60.70 o-r 62.13 n-q 63.25 no 65.63 mn
‘5}’_.};“ Rhizobium2 ¥ pswsn,  58.75p-s 57.97rs 62.75 nop 66 Imn
Ferznemn  Vithout Rhizobium 55955 56.80 p-s 58.50 s 59.25 p-s
P9I OIN
RhiZobIUM 1 Y pamsye, 73.69 c-g 69.43 h-m 75.68 a-d 77.25 abc
wals RhiZobiUM2 ¥ pgusss) 65 d-r 75.63 a-d 73.13c-h 7513 ae
Control Without Rhizobi . .
o 67.06 kim 67.85i-m 67.83i-m 7010 g
PI9FI) OIN

W Sl glasals wiz ga3T a5l sl sine Slis g 2 5 ailie By (1o (slagSibs
Means in each column, followed by similar letter(s) are not significantly different, using Duncan's multiple Range
Test.
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Abstract

To investigate the effect of foliar application of micronutrients on chlorophyll and
protein content and yield of alfalafa populations and evaluate economics obtain cost-
effect, an experiment was carried out in split split plot by time with four replications
using a randomized complete blocks desighn at the Shahid Zendeh-Ruh Agricultural
Research Center of Kerman. Experimental treatments were micronutrients with five
levels: Fe, Zn, Mn, FetZn+Mn and control (without nutrient applications), bacterial
inoculation, with three levels. Rhizobium melilloti, Rhizobium legumenasarum and
without inoculation. Foliar application had a positive significant effect on all traits
under study and increased chlorophyll and protein contents, and afalfa forage yeild.
The highest fresh forage yield belonged to second cutting (71 t.ha™) by using combined
micronutrient foliar application and to third cutting (68 t.ha) by using Rhizobium
leguminosarum. The highest protein rate was observed in Mn foliar application and
Rhizobium meliloti inoculation at second cutting by 50%. Based on the results obtained
it can be concluded that foliar application of micronutrients and inoculation with
Rhizobium bacteria improves morphological characteristics of Bami population of
alfalfain Kerman region.

Key words: Foliar application, Microelements, Photosynthetic pigments, Protein
rate, Rhizobium.
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