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ABSTRACT 
 
 In order to investigate the effect of planting density on remobilization of accumulated dry matter of three 
rice cultivars in north-eastern region of Khouzestan Province(south-west of Iran), this research was conducted as 
a split plot using a Randomized Complete Block Design (RCBD) with three replications in the 2010 cropping 
season in the research field of Khuzestan Agricultural Research and Natural Resources Center(Shavoor 
agricultural research station).In this study, planting density in three levels (30*30, 25*25 and 20*20 cm2) was 
regarded as the main factor in the main plots and rice cultivars (Hamar, RedAbarbou and Gherdeh Ramhormoz) 
were regarded as the secondary factors in the sub plots.Results indicated that planting density significantly 
affected grain yield,the number of fertile tillers, the harvest index, dry matter remobilization of flag leaf, all 
leaves, stem and total remobilization and current photosynthesis. The highest and lowest grain yields were 
respectively observed in densities of 20*20 and 30*30cm2. The difference between cultivars was significant for 
all the abovementioned attributes. Red Anbarbou cultivar with an average of 5369 kgha-1had the highest grain 
yield.Theinteraction effect of densities and differences ofcultivars was significant on all attributes. The highest 
grain yield belonged to Gherdeh Ramhormoz cultivar with an average of 5936 kgha-1 in 20*20 cm2 density and 
the lowest yield was seen for Hamar cultivar in 30*30cm2 density. Among the cultivars, the highest and lowest 
ratesof dry matter remobilization occurred for Red Anbarboucultivar in 20*20 cm2 density and Hamar cultivar 
in 30*30 cm2densityrespectively. Considering the higher yield of Red Anbarboucultivar in 25*25 and 30*30 
cm2densities, this cultivar must be selected for cropping in the Khouzestan province. Furthermore, because 
cropping history and background, semi dwarf and high compressibility of Gherdeh Ramhormoz cultivar, its 
replanting in the north-eastern of Khouzestan province is recommended.  
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Introduction 
 
 Rice is specifically important as the second 
strategic crop (after wheat) in Iran and the whole 
world. Although the global cropping area of rice is 
less than wheat but their productionsare roughly 
equal. International importance of rice is so 
considerable that the United Nations dubbed the 
2004 year  as the rice year; such naming was 
unprecedented for any crop. Rice (Oryza sativa L.) is 
one of the most important crops in Iran. It is the 
largest crop in terms of area and production in north 
of Iran[1].World rice production must increase by 
approximately 1% annually to meet the growing 
demand for food that will result from population 
growth and economic development [2]. A number of 
researchers have reported that maintenance of the 
critical level of rice plant population in field is 
necessary to maximize grain yield.  

 The effects of plant density on grain dimension 
were also identified during different panicle 
development stages[27,28,29,30]. The reason for 
such low yield is mainly associated with cultural 
technologies. Among cultural technology 
applications,the best planting space is the important 
one[3]. 
 When the plant density exceeds an optimum 
level, competition among plants for light above 
ground or for nutrients below the ground becomes 
severe, consequently the plant growth slows down 
and the grain yield decreases [4]. Hossain et al.,[5] 
reported that in densely populated rice fields the 
inter-specific competition between the plants is high 
in which sometimes results in gradual shading and 
lodging and thus favor the increased production of 
straw instead of grain. Therefore, it is necessary to 
determine the optimum plant spacing and the number 
of seedlingsper hill for high yield [4]. Miller et al.,[6] 
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stated that like other crops, determining the desirable 
density has been always taken into account by rice 
researchers and producers as a limiting factor. The 
effects of seedling distance and planting pattern on 
the yield were mainly studied in rice-rich Asian 
countries whilethe impact of plant density in direct 
and non-flooding cropping methods was mostly 
investigated in non-Asian rice-producing countries. 
Due to the variety of nursery and cropping 
techniques, extremely diverse and even contradictory 
results have been presented by researchers. 
Nonetheless, most results are suggestive of the fact 
that a poor relationship is normally observed between 
final plant density and grain yield; the main reason is 
compensating the effect of yield components.  
 Planting pattern selection through reducing or 
increasing the distance between and in the rows 
causes a decline or increase in plant density per area 
unit.Omidi[7] applied source restriction and different 
planting density on commercial long-duration corn 
hybrids and asserted that dry matter remobilization 
rate of crop’s aerial organs (leaf, stem and husk) 
plays a crucial role in grain filling of corn hybrids. 
He stated that their contributions to dry matter 
remobilization in grain filling are different and stem 
plays a more important role in this regard. A low-
density planting also might increase rice yield by the 
slow early growth and increase crop growth rate 
during the two weeks just before heading. This is 
closely related to yield potential [8]. Aruna 
Geethaand Thiyarajan[9] reported that the 
compounds accumulated in aerial organs play an 
important role in grain filling when the crop is 
influenced by environmental factors in different 
growth stages.Chaturrediand Ram[10] stated that rice 
accumulates greet deals of carbohydrates in different 
segments particularly in stem, and the fact that these 
matters undertake important part when the crop 
encounters environmental tensions during different 
growth stages. Tahmasebi Sarvestani and Pirdashti 
[11] and Mostfavi Radand Tahmasebi Sarvestani 
[12]showed that dry matter remobilization plays an 
important role in rice grain filling and aerial organs 
contribution was different in terms of remobilization 
of accumulated assimilates  to the grain; stems and 
leaves respectively possessed more significant 
effects. Different rice cultivars behave differently 
regarding dry matter remobilization affected by 
variant environmental conditions. Having studied dry 
matter accumulation before pollination and its 
mobilization to grain during grain filling in five 
Indica and three Japonica cultivars in two 
consecutive years, Ntanos and Koutroubbas[13] 
reported that the amount of mobilized matters is 
influenced by the cultivars characteristics. Yoshida 
[14] stated that the accumulations in organs can be 
transferred to the grains via the remobilization 
process during the grain production stage when 
photosynthesis is not able to provide all sink 
requirements.Tahmasebi Sarvestani and pirdashti 

[15] reported that dry matter remobilization of shoot 
(stem+ flag leaf + other leaves) had an important 
effect on grain dry matter accumulation. Results of 
studies showed that remobilization of reserves to 
grain is critical for grain yield, if the plants are 
subjected to different treatments such as water stress 
during the grain filling stage [16].Mesbahet al.,[17] 
after studying the relationship between yield and 
yield components of 17 rice cultivars concluded that 
grain yield had significantly positive correlation with 
the number of grains per panicle,the number of filled 
grains per panicle and the 1000grain weight. 
Besides,the number of grains per panicle and the 
number of filled grains per panicle were two major 
factors affecting grain yield.  
 The current research is intended to assess the 
effects of planting density on grain and biological 
yields and also dry matter remobilization in different 
rice cultivars. Furthermore, this study aims to 
determine the contribution of remobilization process 
in the final value of grain weight.  

 
Materials and Methods 
 
 This research was conducted in the 2010 
cropping season in the research field of 
KhouzestanAgricultural Researches and Natural 
Resources (latitude 31o20'N, longitude 48o41'E and 
altitude 22.). In terms of climate, this region features 
very warm, dry and long summers and moderate 
winters. The study was a split-plot experiment, using 
Randomized Complete Block Design (RCBD) with 
three replications. Three planting dates including 5th 
May(D1), 25th May(D2) and 14th June(D3)were 
considered as the main plots and the subplots 
consisted of three rice cultivars including Hamar(V1), 
Red-Anbarbou(V2) and Gherdeh 
Ramhormoz(V3).Nitrogen fertilizer consisting of 90 
kgha-1 urea was consumed at three times as follows; 
40 percents at the time of transplanting to the main 
plot, 30 percent at the beginning of stem elongation, 
and the rest 30 percent at the beginning of 
thereproductivity stage. After transferring to the main 
plot, the seedlings were planted in hills 25*25 cm 
apart; five seedlings were planted in each hill. The 
irrigation operation in all plots was implemented 
directly and separately in order to reduce the 
negative effects of water temperature. Sampling was 
done once every four days from the beginning of 
pollination until the grain maturity stage with the 
intention of investigating the supplying sources of 
dry matter including current photosynthesis. Therate 
of remobilization and current photosynthesis were 
evaluated via the following formulas [18]: 
Dry matter remobilization rate (g/plant) = Dry weight 
of vegetative organs at the pollination stage (g/plant) 
– dry weight of vegetative organs at the maturity 
stage (g/plant) Current photosynthesis Rate (g/plant) 
=Grain yield (g/plant)–Dry matter remobilization rate 
(g/plant) 
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 In order to determine the grain yield, 25 hills 
(equivalent to 1 m2of harvesting surface) were 
selected in each plot, and after separating the 
panicles, the available filled grains were separated 
from all panicles and were placed in the oven at the 
temperature of 73oC for 48 hours.  

Data variances were analyzed using the 
MINITAB and MSTAT C softwares and the 
averages were compared via the Duncan’s multiple 
range test.  
 
Results and Discussions 
 
Grain Yield: 
 
 Density effect on grain yield was significant 
(Table 1). As density increased, grain yield also went 
up. The densities 20*20 and 30*30 cm2with averages 
of 5434 and 4724 kgha-1 possessed the highest and 
lowest grain yields respectively (Table 2).In low 
densities, all crops absorb more light thanks to 
having larger space around them; they 
photosynthesize more perfectly and grow better than 
the closer crops [19]. Generally, the farmers believe 
that greater density can enhance the yield. High plant 
density leads to increase in the panicle number per 
area unit as well as grain weight reduction in each 
panicle. Accordingly, increasing plant density affects 
all yield components [20]. 
 The cultivars also exhibited a significant 
difference in terms of yield; Red Anbarbouand 
Hamar cultivars with averages of grain yield 5396 
and 4624 kgha-1 respectively assumed the highest 
and lowest grain yields (Table 2). This different can 
mainly arise from the genotype, the morphological 
and physiological differences of cultivars, and 
benefitting from inputs as well as environmental 
factors and related processes to the grain yield. The 
highest grain yield belonged to Gherdeh Ramhormoz 
cultivar in 20*20 cm2 density with an average of 
5936 kgha-1.  

 
Number of Fertile Tillers: 
 
 The number of fertile tillers showed a significant 
difference in different densities.Thenumber of fertile 
tillers increased as the distance between plants 
increased. The highest and lowest  numbers of fertile 
tillers were respectively observed in 20*20 and 
30*30 cm2 densities.  
 As density increases, vegetative growth 
decreases in each hill is restricted because of the 
reduction in free space for crop development and 
also diminishing radiation and nutrients as well as 
exceeding competition and green area propagation 
and consequently the number of fertile tillers 
declines in each plant. However, in lower densities 
because of less competition between plants, 
vegetative growth still proceeds and results in 
delayed flowering besides an increase in tillers 

number. Thus, density reduction from two aspects 
decreasesthe number of tillers per area unit: first, 
insufficient crop per area unit, and second, mortality 
of some tillers due to inter-plant competition and 
restriction of environmental supplies and altogether 
crop inability  to support produced tillers; while 
density lowering brings about enhancement of crop’s 
tillering capacity. This fact implies that in low 
density,the main portion of produced dry matter in 
each hill is allocated to vegetative organs. On the 
contrary, vegetative growth is limited in high density 
and more dry matter is mobilized toward the 
vegetative organs due to further competition between 
crops.  
 Different cultivars had a significant difference in 
terms of the number of fertile tillers; the highest 
number belonged to Hamar and 
RedAnbarboucultivars and the lowest value was 
observed in Gherdeh Ramhormoz (Tables 1 and 2). 
Tillers number reduction varies based on cultivars. 
Normally, the tillers in cultivars producing a larger 
number of tillers die more rapidly and frequently 
owing to intense inter-plant competition. As a result, 
larger number of tillers in vegetative stage –as a 
potential and final agent for determining the number 
of panicles - is regarded one of the most principal 
factors for achieving higher yield because the final 
yield is completely affected by the number of 
tillers,the number of grains per panicle and their 
weight per area unit. The results are in accordance 
with reports of Yoshida[14].The highest and lowest 
numbers of tillers respectively belonged to Hamar 
cultivar in 20*20 cm2 density and Gherdeh 
Ramhormoz cultivar in 30*30 cm2 (Table 3). These 
results can be attributed to the genetic difference of 
cultivars in terms of benefitting from growth factors 
especially the amounts of dry matter accumulation 
available in crop tissue and light absorbtion.  

 
Harvest Index: 
 
 The effect of density on the harvest index was 
significant (Table 1). The highest  and lowest harvest 
indecieswere respectively obtained for densities 
30*30 and 20*20 cm2 (Table 2).High values of the 
harvest index show that the harvest index improves 
as the planting distance between cultivars increases. 
The cultivars had significant difference in terms of 
the harvest index, as the highest and lowest harvest 
index values belonged to Gherdeh Ramhormoz and 
Hamar cultivars respectively (Table 2). High harvest 
index value of Gherdeh Ramhormoz cultivar can be 
attributed to crop’s geometrical structure 
improvement, better light penetration into canopy, 
reduction in respiration rate and finally, increase in 
dry matter accumulation capacity per area 
unit.Yoshida [21] reported that a negative correlation 
between plant height and the harvest index. He also 
indicated that tall cultivars usually have a lower 
harvest index.Larger value of the harvest index in 
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Gherdeh Ramhormoz cultivar can be justified by its 
greater fertility rate, the number of grains per panicle 
and the higher capacity of dry matter accumulation 
besides more rapid crop growth rate in the flowering 
stage. The results confirm the accuracy of reports by 
Chang and Vergara [22]claiming that rice harvest 
index has a negative correlation with biological 
yield.  

 
Dry Matter Remobilization and Dry Matter 
Remobilization of Flag Leaf : 
 
 Density had a significant effect on dry matter 
remobilization of flag leaf; 20*20 cm2 density 
behaved better than two otherdensities. In addition, 
ricecultivars showed a significant difference in this 
regard as Gherdeh Ramhormoz and Red 
Anbarboucultivars featured the highest and lowest 
rates of flag leaf dry matter remobilization 
respectively (Tables 1 and 2). The greater rate of dry 
matter remobilization in Gherdeh Ramhormoz 
cultivar compared to other ones can be explained by 
the better development and propagation of leaf 
surface area. The lowest and highestrates of flag leaf 
dry matter remobilization respectively belonged to 
Gherdeh Ramhormoz cultivar in 20*20 cm2 density 
(0.1210 g/plant) and Red Anbarbou cultivar in 30*30 
cm2 density (0.6167g/plant) (Table 3).Flag leaf plays 
an important role in dry matter remobilization to the 
grain because it is the last leaf to be formed and 
emerged. The results of current research affirmed the 
reports by TahmasebiSarvestani and Pirdashti [11]. 
Flag leaf of RedAnbarbou cultivar served as a 
physiological source in this experiment as the 
amount of dry matter available in its flag leaf was 
greater than that of othercultivars. The reason can be 
attributed to the lower acceptance capacity of this 
cultivar compared to Hamar and Gherdeh 
Ramhormozcultivars; consequently less 
remobilization occurred in this cultivar.  

 
Dry Matter Remobilization from other Leaves(except 
for flag leaf): 
 
 Planting density significantly influenced dry 
matter remobilization fromother leaves (except for 
flag leaf). The highest density accounted for the 
largest dry matter remobilization from other  leaves. 
Results showed that different organs do not have the 
same contribution to the dry matter supply; these 
results were in agreement with those obtained in 
other researches. Maeand Ohira[23] reported that leaf 
organs are the main source of dry matter 
remobilization to grain while sheath and stems bring 
less contribution in this regard. Rice cultivars also 
exhibited a significant difference in terms of the rate 
of remobilization from other leaves as the greatest 
values were respectively observed in 
RedAnbarbouand Hamar cultivars; the lowest rate 
belonged to Gherdeh Ramhormoz cultivar (Tables 1 

and 2). Hamar and Red Anbarboucultivars possess 
larger leaves as a result of being taller stem than 
Gherdeh Ramhormoz cultivar; they allocate larger 
amounts to photosynthesis products remobilization 
compared to Gherdeh Ramhormoz cultivar. 
Tahmasebi Sarvestani and Pirdashti [11] proved that 
dry matter remobilization from aerial organs plays an 
essential role in dry matter accumulation of rice 
grain, and among the aerial organs, leaf plays the 
most essential role for dry matter remobilization. The 
highest and lowest rate of dry matter remobilization 
respectively belonged to Red Anbarboucultivar in 
30*30 cm2 density and Gherdeh Ramhormoz  
cultivar in 30*30 cm2 density (Table 3). 

 
Stem Dry Matter Remobilization: 
 
 Planting density significantly affected stem dry 
matter remobilization. 30*30cm2 density assumed the 
highest rate of stem dry matter remobilization 
(Tables 1 and 2).The highest remobilization rate was 
obtained for Red Anbarbou cultivar with an average 
of 0.3470g/plant. The highest and lowest rates of 
stem dry matter remobilization belonged to Red 
Anbarbou cultivar in 20*20 cm2 density and Hamar 
cultivar in 20*20 cm2 cultivar respectively (Table 
3).Remobilization constitutes a major portion of dry 
matter supply for rice grain. Stem plays a more 
significant role compared to other organs for this 
purpose. Having compared tall local cultivars with 
dwarf ones, Souzaet al.,[24] concluded that tall 
cultivar had a greater remobilization amount than the 
dwarf. In the cases of not needing the remobilization 
of accumulated matters, the crop stores the 
carbohydrates already used for energy consumption 
during remobilization process in different organs 
including stem. Dry matter remobilization had a 
considerable effect on rice grain filling. Aerial 
organs behave differently in terms of accumulated 
assimilates remobilization to the grain; stem and 
leaves respectively plays more significant roles. 
Ghosh and Singh [25]showed that stem brings more 
contribution to dry matter remobilization compared 
to other aerial organs, and aerial organs behave 
differently in terms of dry matter remobilization in 
different genotypes and environmental conditions. 

 
Total Dry Matter Remobilization and Current 
Photosynthesis and Total Dry Matter 
Remobilization: 
  
 Planting density had a significant effect on total 
dry matter remobilization. The highest 
remobilization rate belongedto 20*20cm2 density 
(Tables 1 and 2). The difference between rice 
cultivars was significant in terms of total 
remobilization as the highest value was obtained for 
RedAnbarbou with an average of 0.6421 g/plant 
(Table 2). 
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 The higher value of total remobilization in 
RedAnbarbou cultivar can be explained by features 
such as higherstem and panicle length and lower 
number of tillers. This difference is related to 
difference of cultivars in the process of dry matter 
remobilization to different organs. The findings were 
in alignment with reports by Tahmasebi Sarvestani 
and Pirdashti [11]. 
 The interaction effects of density and cultivar 
were significant in terms of total dry matter 
remobilization; the highest remobilization rate was 
achieved for Red Anbarbou cultivar and 20*20 cm2 
density (Tables 1 and 3).  

 
Current Photosynthesis: 
 
 Planting density significantly affected current 
photosynthesis rate; the highest and lowest current 
photosynthesis rates respectively occurred in 30*30 
and 20*20 cm2 densities (Tables 1 and 2). Among 
all, Gherdeh Ramhormoz cultivar assumed the 
highestrate of current photosynthesis (with an 
average of 1.62 grams per plant). Also, the highest 
rate of current photosynthesis was obtained for 
Gherdeh Ramhormoz cultivar in 30*30 cm2 density 
(Table 3).Theimprovement of current photosynthesis 
forGherdeh Ramhormoz cultivar can be associated 
with high values of the harvest index and the 
1000grainweight. Yet, it can be also said that high 
current photosynthesis results from large demand of 
sink for receiving photosynthetic products which 
lead to yield improvement through increasing the 
harvest index and the 1000grain weight. The results 
affirmed the report by Kafi et al.,[26] stating that 
yield improves via increasing the grain number and 
the fact that growing grains consume extra absorbed 
matters. The dry matter remobilization is limited 
when the photosynthetic products are sufficient for 
grain filling. Photosynthesis role in grain weight can 

be regarded as a selective mechanism because 
metabolic energy is consumed during the 
remobilization process in both the accumulation and 
re-movement stages. Taking into account that energy 
consumption is lower in the process of current 
assimilates mobilization to the grain the efficiency of 
current photosynthesis products mobilization to 
grains will be higher. 

 
Conclusions: 
 
 The results showed thatthe highest and lowest 
grain yields respectively belonged to 20*20 and 
30*30 cm2 densities. Red Anbarboucultivar featured 
the highest grain yield with an average of 5369 kgha-

1 while Hmar cultivar assumed the lowestgrain yield. 
Thehighest and lowestgrain yield were respectively 
achieved for Gherdeh Ramhormoz cultivar in 20*20 
cm2 density (5936 kgha-1) and Hamar cultivar in 
30*30 cm2 density. Among all cultivars, the highest 
and lowest ratesof dry matter remobilization were 
observed for Red Anbarbouin 20*20 cm2 density and 
Hamar in 30*30 cm2 density respectively.  

The results of this research affirm the fact that 
density alters growth and development pattern 
affecting carbohydrates production and their 
distribution. Generally, if desirable plant density is 
reduced, actually the available potential will not be 
perfectly benefitted. On the other hand, increasing 
the density beyond the desirable limit will be 
followed by extreme competition to achieve 
carbohydrates resulting in considerable reduction of 
allyield components and finally,grain yield declined. 
It must be also noted that the suitable density is not 
the one in which the best growth and highest 
production of single plant is achieved but is the 
density which brings about the best grain production 
per hectare.  

 
Table 1: Analysis of variance of yield and yield components and dry matter remobilization.  

 
S.O.V   

 
 

 
df 
 

 

Mean Square 

Grain Yield 
Number of 

Fertile 
Tillers 

Harvest 
Index 

Dry Matter Remobilization 

Flag 
Leaf 

All 
Leaves 

Stem 
Total 

Remobilizati
on 

Current 
Photosynthes

is 

Replication 
 

Density (D) 
 

Ea 
 

Cultivar(C) 
 

D×C 
 

Eb 
 

CV% 

2 
 

2 
 

4 
 

2 
 

4 
 

12 
 
- 

4238.939 
 

1300466.725* 
 

101965.879 
 

1237274.554** 
 

7792230.747 ** 
 

62428.046 
 
5 

110.477 
 

9145.847 ** 
 

66.544 
 

17928.551 
** 

 
2959.511 ** 

 
366.43 

 
6.72 

10767 
 

156.118* 
 

9.963 
 

337.027*
* 
 

35.088** 
 

5.486 
 

6.28 

1.126 
 

0.001*
* 
 

8.981 
 

0.005 
** 

 
0.000 

** 
 

5.852 
 

2.71 

4.926 
 

0.003 
** 
 

2.209 
 

0.007 
** 
 

0.004 
** 
 

1.513 
 

1.58 

7.148 
 

0.000 * 
 

2.537 
 

0.05 ** 
 

0.004 
** 
 

1.513 
 

1.58 

3.633 
 

0.009 ** 
 

6.011 
 

0.056 ** 
 

0.001 ** 
 

8.074 
 

1.58 

0.003 
 

0.145 * 
 

0.009 
 

1.024 ** 
 

0.027 * 
 

0.005 
 

5.86 

*: significant in 1% probability level 
**: significant in 1% probability level 
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ns: non-significant 

 
 
 
Table 2: Mean comparison of grain yield and yield components. 

  
Grain Yield 

(Kg ha-1) 

 
Number 

of 
Fertile 
Tillers 

 
Harves
t Index 

(%) 

Dry Matter Remobilization 
 

Treatment 
Flag 
Leaf 

(g/plant) 

All 
Leaves 
(g/plant

) 

Stem 
(g/plan

t) 

Total 
Remobilization 

(g/plant) 

 
 

Current 
Photosynthesis 

(g/plant) 

Planting 
density 

 
 
 

       

D1 5434 a 
 

315.2 a 20.18 c 0.1008 a 0.2387 a 
0.2467 

a 
0.6037 a 1.139 b 

D2 4846ab 
 

287.4 b 21.62 b 
0.08611 

a 
0.2022 b 

0.2422 
a 

0.5446 b 1.192 ab 

D3 4724 b 251.6 c 22.92 c 
0.08133 

a 
0.2130 b 

0.2512 
a 

0.5571 b 1.380 a 

Cultivar         

C1 
4627 b 

 
316.2 a 31.71 b 

0.07889 
b 

0.2279 a 
0.1654 

c 
0.4856 c 0.9830 b 

C2 
5369 a 

 
304.3 a 36.39 b 0.7333 b 0.2399 a 

0.3117 
a 

0.6421 a 1.108 b 

C3 
5008ab 

 
233.6 b 43.84 a 0.1160 a 0.1861 b 

0.2630 
b 

0.5777 b 1.620 a 

* averages of any test column having at least one letter in common lacks statistical difference based on Duncan’s multiple range test in 1% 
probability level. 
* In each column which two averages have letters in common, there is no difference based on Duncan’s multiple range test in 1% 
probability level. 
D1= 30*30 cm2, D2: 25*25 cm2, and  D3= 20*20 cm2 
V1= Hamar Cultivar , V2= RedAnbarbou Cultivar,  and V3= Gherdeh Ramhormoz Cultivar 

 
Table 3: Mean comparison of interaction effects of planting density and cultivar on the studied attributes in different treatments. 

     Dry Matter Remobilization 

Treatment 
 
 

Grain 
Yield 

(kgha-1) 

Number 
of Fertile 

Tillers 

Harvest 
Index 
(%) 

Flag Leaf 
(g/plant) 

 
 

All 
Leaves 

(g/plant) 

Stem 
(g/plant) 

Total 
Remobilization 

(g/plant) 

Current 
Photosynthesis 

(g/plant) 

D1V1  
5056 
bcd 

347.7  a 29.40 c 0.08833 cd 0.2527 b 0.1553 f 0.5130 e 0.9423 de 

D1V2  5311 bc 304.0 b 29.53 c 0.09300 bc 0.2253 cd 0.3470 a 0.6867 a 1.030 cde 
D1V3  5936 a 293.9  b 39.13 b 0.1210 a 0.2380 bc 0.2377 d 0.6113 b 1.443 b 

D2V1  
4783 
cde 

337.8 a 33.27 c 0.07567 cde 0.2227 cd 0.1650 ef 0.4757 f 0.9367 e 

D2V2  5383 ab 308.9 b 40.37 b 0.06533 e 0.2167d 0.3173 b 0.6173 b 1.108cd 
D2V3  4372 ef 215.5 d 41.83 b 0.1173 a 0.1673 e 0.2443 d 0.5407 d 1.532 b 
D3V1  4042 f 263.1 c 32.47 c 0.07267 de 0.2083 d 0.1760 e 0.4680 f 1.070 cde 
D3V2  5412 ab 300.1 b 39.27 b 0.06167 e 0.2777 a 0.2707 c 0.6223 b 1.187 c 
D3V3  4717 de 191.5  d 50.57 a 1.1097 ab 0.1530 e 0.3070 b 0.5810 c 1.884a 

* averages of any test column having at least one letter in common lacks statistical difference based on Duncan’s multiple range test in 1% 
probability level. 
* In each column which two averages have letters in common, there is no difference based on Duncan’s multiple range test in 1% 
probability level. 
D1= 30*30 cm2, D2: 25*25 cm2, and  D3= 20*20 cm2 
V1= Hamar Cultivar , V2= RedAnbarbou Cultivar,  and V3= Gherdeh RamhormozCultivar 
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