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Article Info ABSTRACT
Article type: Background and objectives: Millets, a group of small-seeded cereals,
Research Full Paper oy hibit remarkable performance in arid and semi-arid regions due to
their high drought tolerance, low water requirements, and efficient water
use. They are capable of producing substantial and stable forage yields
under both irrigated and rainfed conditions. However, there is limited
information on the management of millet cultivation under rainfed
conditions in Mediterranean regions. This study aimed to compare the
grain and forage yields of two millet species, pearl millet (Pennisetum
glaucum (L.) R. Br.) and proso millet (Panicum miliaceum L.), under
irrigated and rainfed conditions in Rasht.

Materials and methods: The experiment was conducted during the
2018-2019 growing season at the research farm of the Faculty of
Agricultural Sciences, University of Guilan, using a split-plot factorial
design within a randomized complete block design with four
Article history: replications. The main plots consisted of two irrigation regimes (rainfed
Received: 2025-4-21  an{ jrrigated), and the sub-plots comprised a combination of two millet
Accepted: 2025-10-7 gheiies (pearl millet cv. Mehran and proso millet cv. Pishahang) and
four sowing dates (June 4, July 7, August 5, and September 6).

Results: Analysis of variance revealed that the interaction effect of
sowing date and irrigation regime, as well as the interaction effect of
sowing date and species, significantly affected biomass yield, grain
yield, panicle dry matter, number of filled grains, and thousand-grain
weight. The number of panicles per plant was significantly influenced by
the interaction between sowing date and species. The comparison of
mean interaction effects of irrigation regime and sowing date indicated
that in both irrigation regimes, delaying sowing from June 4 to
September 6 led to a decrease in average grain and biomass yields.
However, the results varied across different sowing dates. Specifically,

Keywords: on June 4, August 5, and September 6, the average grain and biomass
Day Length ields under both irrigated and rainfed conditions were similar. In
Forage Production y & T . . . ’

Millets contrast, on July 7, due to a significant reduction in rainfall, the water
Rainfed Farming needs of the plants under rainfed conditions were not met, resulting in
Sowing Date substantial decreases in grain and biomass yields due to drought stress
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and insufficient moisture supply. Furthermore, the results of the
interaction between species and sowing date indicated that pearl millet
cv. Mehran had a higher potential for grain and biomass yields compared
to proso millet cv. Pishahang. For pearl millet, the highest grain and
biomass yields were achieved on the sowing dates of June 4 (1365.76 Kg
ha™) and July 7 (1290.91 Kg ha™). For proso millet cv. Pishahang, the
highest grain and biomass yields were recorded on June 4, with an
average of 1165.66 Kg ha™' and 6349.91 Kg ha™, respectively. Overall,
the findings of this experiment demonstrated that pearl millet (cv.
Mehran) outperformed proso millet (cv. Pishahang) in all evaluated
traits.

Conclusion: The lack of significant differences in grain and forage
yields of pearl millet sown on June 4 under both rainfed and irrigated
conditions suggests optimal synchronization of the plant's growth stages
with favorable environmental conditions. Therefore, it is recommended
to cultivate pearl millet (cv. Mehran) under rainfed conditions with a
sowing date of June 4 to conserve water.

Cite this article: Ghorbannezhad, F., Zavareh, M., Rahmani, M. 2025. Comparison of grain
and forage yields of pearl millet and proso millet nder irrigated and rainfed
conditions at different sowing dates. Crop Production Journal, 18 (3), 17-40.
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Figure 1. Meteorological parameters at the experimental site: (a) daily mean solar radiation and
sunshine hours, and (b) minimum and maximum air temperature and precipitation.
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Table 1. Soil characteristics of the experimental site.

R IO R S o
Depth Soil o G XK P K el 0 ;
ot EC(dS/m)  pH CEC rganic
(cm) texture 0 (ppm)  (ppm) carbon(%)
N(%) (meq/100gr)
0-30 Silty clay 0.46 6.8 0.1 4.4 110 335 0.82
30-60 Silty clay 0.59 6.8 0.04 0.8 120 31.5 0.44
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Figure 2. Variation in relative biomass yield under irrigated and rainfed conditions in response to
different sowing datesigure.
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Table 2. Analysis of variance for sowing date and irrigation regime effects on the evaluated traits of two pearl millet

cultivars.
Mean square e o Kb
e Gtﬁ = . . i osle . B Syl O]
Source of ST e s Shae <l 3 Shoe g .JU& - ﬁ(‘d.J J.-M (1)(;80 y
variation DF . . o (Panicle o Grain s
(Biomass yield) (Grain yield) numbers) (Panicle numbers) gl‘fdl{\l\
<
’,’g , 3 92204.30 16191.88™ 0.19" 1.23¢ 10309.15™* 0.58"¢
Replication
A) =3
Irrigation 1 3576621.207  273924.88" 2.00” 8.63" 452704.69” 1.70°
regime (A)
| gl
”J,” < 3 234415.80 53933.31 0.04 1.09 12169.64 0.03
ReplicationxA
B) 28 &b
Sowing date 3 114641539.007 4168858.63"  45.48” 49874 8204078.03"  15.127
(B)
(C) v-;) sk ok ok ok *ok 3k
, 1 56172316.40 713494.16 189.06 82.91 4757578.91 4.29
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Table 3. Interaction effects of sowing dates and irrigation regime on the evaluated traits.
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Within each column, means sharing at least one common letter are not significantly different according to the LSD test.
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Table 4. Interaction effects of sowing dates and cultivar on the evaluated traits.
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Within each column, means sharing at least one common letter are not significantly different according to the LSD
test.
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Figure 3. Variation in relative grain yield under irrigated and rainfed conditions in
response to different sowing dates.

Yo

Duﬁ:szu\azj_il&péb.ﬂj\

oo 51 Gt 5 o303 4 oS T e 4 53
Lo ool g5 onl gl coal aly 23 8
BEPEA LA TR W P S W) | PR BRI o0
Sl ol e (V) sl awsls ols A g5 5 Shae Hluie
.@QM\?M@S@)Uw)JngQ
3 e Lol f e DY S g a5 L
éu@)uﬁ?g;«{@\ﬁag;,\@;ﬁd}f
o V0 gl e VE VT ol 2 NV clS
5 ke YYOAY 5 YVY/NY Q4/F AVIAY L

TV/0N VYA N EAO L 5w Kl Ol s

e ealS baesls cpl g e e VVV/EA



O 9 3158 Al [ .. (g 4lg 00 (S5, 8395 s § g 41D 3 ;Ko duny Lo

Al e 0T SIS o (28l G 2l ol by
Oeed L ASL il wls s Shae i b Cote
o S La0 sl 4l 5 Shase e STy (ol
adls slaas ulsel 4 Ol ey tK;A:))' slels
r=+/W7 n=11) alls 035 5 @ =2/AA" n=11)
Salan 51 B0 KI5 r g se cnl oS 33 o
S5 s slaas 5 63,5 8150 Ol Cnle U315
(T9) 25l G a5

Sl glacis s Lag;,l adls 5, Sas
Lz 2alS (0)) (6550 oys5 L2alS 4 Ol s
(M) oLl cele 2alS (gaud, o (b Jials
;a3 Jpb Shals 5 (V) s gla St
s Lyl 5 e 4 45 3,8 0,1 (OY) oS
AU A 5 el gl 5 A, sl bl
RGN PHESSUN DU

(YY) OS5 LS s Ll s
Slacis 5o 1y Al e 0500 4l s Sdas Jals
Csb 5 ol sles (s Gl UL 4 b
Sty L5 s S A e 09 Yy
Ol aS s S el 5 sl s (5050 5
5 o3 S i cobew SIPl o se Ll
3, Shes OF JULis a5 A3 dal s s gduals
ngf.i: oebss 53 (TV)Cal daler fals 55 als
ole 3 (Shls e 0301 LS oy p0 55 &S LS ROl
N3 J_:J;nL_.,(ﬂ adls 5 Shae (o) Ciges)|
e Ll 5 Gl s Sele G
J=B Bl d(Lls Ol a5 Jsb 3) S slhks
55 50 (VAVY) Esle L(0Y) sls dal g LS Py
Lol iy 0555 0 S pe 3 5,5 Ol L5015
Sy A5 Ce s Jals s o ul slabes
(EY) cl sl alS e dils 5 Sles s
b adls s Sas Jals (YY) 0L 5 e
Q.,\_.Zﬁo)}.s@ujv_aqdﬁbéuwﬁ\)
L, Sul gdd, b s sbabes L «ls

¥y

Q(JQ\W@ZS@)U)ﬂ:L{\J&JJQ\JJﬂw
S (Y1) On 5 iy S bl s ,50 e
ot o i ol Sy 53 2 51 L
S B gs 3 oS L3S ol 01 Kla s,
Ol asls 5 Sae 3l als A,y a0 s S
5ol (81) A dal s annlS Ao 3 YV 2K
s (Yoo Oes 5 Obele 5 (Y2 Y4) 01,
il e 5l (Sl sl e 05, YL el
BV 5 V1) Wlasils o )Lil &by a5 B s S
L;(J}J;JCJEJASJJM(YWV)L;\))U:LL
Sy by oa SO L a3 JS e Sl e
als >, Shas 5 aslsy G55 5 &l sl cad o sl
S5 Srasiy 53 (EA) AalS o shislhs 0 O3
4_1>f)>u,<_:}~k;.;_:ﬂj_34_<e,\_.:¢>&_p\ﬁ;
> adls slass di,_;alj‘da_w\j«_gcrjij YR
(89) 555 0 ails 5 Sae 2l (o i
'cul_? eSan s slaesls wf/wL:.a dos Lo c,\:.,
doio pS0ke oS s OLES (8 Jsdr) o5, 5 ol
Saliig 05, b awslie 53 0l ge 05,0 ls 5 Sas
> Shes i el SV Sl s v
2SS oM oSl L 0l e 03,1 adils
duiw:g:\:ﬁ\iwg'@)b):)bﬁ
\-\QAZS.CLJU)JaMQ;AJJJJﬂa.GL.QTJ‘M
33 ¢;j_1ﬁsw<\~,=\\)¢_.:u)\>v_;u sle LS
Q\::W@M@%Qj)lﬁ.gm
Ve m )l s s s s ¢J§}1§\\'\o/'\'\
Mlﬁw.uﬁ);o])lmémfwag:\sﬁ
S S Aoy V80 Ol e O34l ails 5 Ss
CA_.ZlSJ_Sﬁ;'-Ul{AxJUa.aJ)}AV_;)jbﬁjé Sk
als >, Shas Jluis 3l 5 i V0 sl = Ve
Salin 5 0l g0 03l 53 e 5 4) dd S
(8 Jad) (Lo 340/ 54+/470
Laos)l 4ol 5, Shas & Ll 51 2alS Y5 5

L(O' 9 i/\) Sl als Q)} 9 aSly sloss )\ Jau[_':'



AEXZ AN o D)Lou:} SA 8,9 c‘;ﬂ)} ‘_,Léb.f .\AJQS

/80 (Slee b o35 cnl 53 50 4 slua o 2
(8 J,,\z),\.z&;;)ﬁﬁ;\og,zlsé,uﬁ;x
edlsl S 3 (VoY) Ohes 5 LIS
Y’~))ﬁj€_.LA)>JALu)¢:Q)')lgMika_«S.,\j:JS
e 3 34 A0/ @ olS ol Al slie (e ST
a1y SRl ol Lall il sl 5153l
! 3 At Gl Slele 5 SWL bl w5
AV V) sls Cad @)U
Wt St osle 1 g 3 ad g S sl O
aly 3 Shas 55 53 oo a8 se Ol 4 s
S ol glaasl (08) Wl s sl 4 o)l
,d_zir_i;),&;_.;tséjuvumﬁsmgm
e:bb};ﬂ(,}))w&@)lsui&uﬂaw
ujs&ﬁdu}\ch_w,;udﬁmy&;}
O anslin (Y o) ol anils Hls pme 36
¢ J@)uﬁjzuj}&i}o;boj)wﬁp
u_ﬂr_ijjﬁj_ﬁs)sg_.is):ﬁ}l_“,AS;\z ol
Sel s i 10 an ol 0 5l s 5 LG
S s el Lak g ad i S 055 S0ke ialS
AN s 5 Ol Ll s s O a Ll i

k:»..w‘ ol awslS M)J AQ/YA

Ol asils s, Shae e LL_S 1 (Y4) aeils
33 e a3 T 0 B Lo 55l 5 sl e
S5 e il s,y (Y01 0) 0Kas 5 JLsl 2ol
AOV) cdl a8
Laesls il ly 4 5o @l:.}:uﬁ): 4 g 3l dad
5 CBl Ll Sen o oS s Ol (Y )
S50 Soloman oy S bl w55 03
J‘f.;Ln.a anlie ol alils &5 & 5 4l g sl
03 4S5 sl QLA (€ Jodzr) S o ol slaesls
£V Gl L ad 5 sliwd o 2y Ol e O
SeMTQN:@J:J\'\wlS@)U):dﬁ);:x
YA 33 V8 S b b alie Ol 1
CilS s Lol dl Ll o eS Ao s
Sl st falS v jg e V0 4 SN
ST o S &S (Sosb 4 el ol g > 4l
MS@)UWJLHJJ(A_?};_JJJJ;\)G)}
(8 ) dews b s G et V0)

Lo gt sl op i dey o« Kalioy 03l 3
ss e V8BS b s @ 3 sde VY ool
slaed a i b aglie 53 O Llide &5 del s &

D il Ay OY/0Y Q\r@av_éjjsn\_.ijﬁ-

a
l -
L 094
o £ 08
22 07
L [ 0.6 1
< 05
3
3 ﬁ 0.4
':1 = 03 —— Irrigated 1. \i 4
S 02q{ -k Rainfed.s
4 g 0 ' d
uJ % 0
= KNP g slaye Ve Sses 10
Jun-04 Jul07 Aug-05 Sep-06

s g Sl
Sowing date

.uﬂ.’a'ud..ilS6‘.&é)b‘):f_:‘gg_)b_)b’Lﬂlﬁja)ad}&i&aahwdb}‘gnﬁ—iJS.&

Figure 4. Variation in relative panicle dry matter under irrigated and rainfed conditions in response to

different sowing dates.
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Figure 5. Variation in relative grain number under irrigated and rainfed conditions in response to different
sowing dates.
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Figure 6. Variation in relative 1000-grain weight under irrigated and rainfed
conditions in response to different sowing dates.
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