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Abstract

Guar is a drought and salt tolerant summer annual legume, which could be a potential alternative
crop in the semi-arid Southern High Plains. Increased use of guar gum in oil industries has in-
creased the demand of guar globally. Planting date effects on stand establishment, physiological
parameters, and yield formation of guar genotypes were investigated at the New Mexico State
University’s Agricultural Science Center at Clovis, NM for two seasons (2014 and 2015). Four guar
genotypes (HES 1123, Kinman, Lewis, and Matador) were tested under three planting dates (June
18, July 7, and July 22 in 2014; and June 18, July 6, and July 20 in 2015). Higher temperature and
rainfall were recorded under mid-June planting than early-July and late-July plantings. Guar
planted under mid-June had better stand establishment as shown by the higher number of plants
m-2, better physiology as revealed by higher photosynthetic rate (Py), transpiration rate (T,), leaf
area index (LAI), and SPAD values than early-July and late-July plantings. Guar planted under
mid-June resulted in taller plants, and therefore, produced higher plant biomass than both of the
July plantings. Yield attributing characteristics including clusters plant-1, pods plant-1, seeds
plant-1, seed spod-1, 1000 seed weight, and harvest index (HI) were highest under mid-June
planting followed by the early-July and late-July plantings, respectively. The mid-June planting in-
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creased seed yield by 26% and 55% over early-July and late-July (1399 vs. 1111 and 903 kg-ha-1)
plantings, respectively in 2014; while the same increase in 2015 was 51% and 243% (1308 vs. 868
and 381 kg-ha1), respectively. These results indicate that delaying planting beyond mid-June is
detrimental to guar productivity. However, genotypes did not show any significant variation in
their performance. Overall, warmer growing conditions and more precipitation under mid-June
planting caused better growth and yield formation of guar genotypes.
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1. Introduction

Agriculture in semi-arid regions including Southern High Plains, where water is limited and droughts are more
frequent, is more challenging than humid and sub-humid regions. Approximately 30% of total irrigation with-
drawal in the United States comes from the Ogallala aquifer [1], which is a 174,000 square mile body of water
underlying different parts of the United States (Colorado, Kansas, Nebraska, New Mexico, Oklahoma, South
Dakota, Texas and Wyoming). Levels of water in the Ogallala aquifer are declining rapidly at a rate of 6 km® per
year [2] [3]. Moreover, continuous cultivation of crops with high water consumptive use has affected the econ-
omy of regional agriculture by increasing the cost of production. Introduction of alternative crops with low wa-
ter demands and low cost of production canbe one strategy to help sustain the agriculture in the region.

Guar or clusterbean (Cyamopsis tetragonoloba L.) is a drought and salinity tolerant [4]-[6] summer annual
legume. Guar increases N and organic matter content of soil by fixing atmospheric nitrogen and adding plant re-
sidues, respectively [7] [8]. A relatively short growing season (90-120 days) [9] of guar makes it a viable rota-
tion crop [10] with cotton, grain sorghum, small grains, vegetables, and flax [11]. An increase of 15% in cotton
yield has been noticed when grown in rotation with guar [11]. Green and succulent guar pods area good source
of minerals, fibers, protein, and vitamin C [12]. Podsare consumed as a vegetable [13] by many people across
the globe, particularly in South-East Asia. Guar leaves, pods, and stems are also used as forage and green ma-
nure [14] [15] in some parts of India and Pakistan.

Lately, guar is primarily cultivated as a seed crop because of its industrial use. Along with carob (Ceratonia
siliqua), guar is the main source of galactomannans for industrial use [16]. Galactomannans is a polysaccharide
composed of 1 - 4 mannanose backbone with varying degree of 1 - 6 galactose substitution [17]. Galactomannan
extracted from guar seed is called guar gum [18]. Guar seed is made up of hull (13% - 18%), endosperm (34% -
43%), and germ (41% - 46%) [19]. Endosperm of the guar seed which accounts for 30% of the seed weight [20]
composed mainly of galactomannans [21]. The addition of water to guar gum converts it into a thick, highly
viscous gel [22]. Because of its high viscosity and water bonding properties, guar gum is used as a binding agent
and stabilizer in a wide range of industries like food, chemical, pharmaceuticals, cosmetic, paint, drilling, agro-
chemistry, and paper industries [8] [23]-[26]. Based on the amount of polysaccharide and impurities such as
protein, ash, guar gum is categorized into two broad groups: high-grade and low-grade guar gum. Food indus-
tries are major consumers of high-grade guar gum, while non-food industries primarily use the low-grade guar
gum [9].

Recently, the oil industry has started using guar gum in hydraulic fracturing [21] [27]. Guar gum in the frack-
ing fluid increases its viscosity and improves the efficiency of natural gas extraction [22]. The increased use of
guar gum in oil fracking has boosted the demand of guar worldwide [27]. Gupta and Sidhartha [28] reported an
increase of 139% in the guar gum export from India to the United States between April 2012 and January 2013.
The United States is the largest importer and consumer of guar gum in the world with an import of worth 1.0,
3.4, and 1.6 billion US Dollars, in 2011, 2012, and 2013 respectively [29]. Currently, the United States has
around 1.7 million active natural gas wells including around 61,000 active wells in New Mexico [30]. Approx-
imately 9 tons of guar gum is required to frack a single well which necessitates around 80 acres of guar crop
cultivation to produce the needed guar gum for each well [31]. In the United States, 95-100% of guar produced
is cultivated in western Texas and southwestern Oklahoma [32].
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The ability of guar to thrive under semi-arid conditions [21] makes it highly suitable for the Southern High
Plains. Additionally, Guar adaptability has been earlier examined in New Mexico [33]. Planting date studies
performed in areas with similar climate, such as NW India and Pakistan, noticed higher guar seed yield in plant-
ing period of May to August [34]. Similarly, mid-May planting of guar has been reported to produce the highest
seed yield in Mediterranean environment of Italy [27]. In southwest United States, mid-April to late-May, and
mid-May to early-July have been reported as optimum planting periods in South Texas and Central West Texas,
respectively [11]. However, no information is available on optimum planting date for guar in the Southern High
Plains. Apart from planting date, information on guar varieties that can be grown successfully in the region is
also limited. Therefore, a two-year study was conducted with the objectives of determining the effects of plant-
ing dates on stand establishment, physiology, and seed yield of different guar genotypes planted in the Southern
High Plains.

2. Material and Methods
2.1. Experimental Site

The field experiment was carried out during 2014 and 2015 at the New Mexico State University’s Agricultural
Science Center in Clovis, New Mexico (34°06'N, 103°22'W and altitude of 1352 m above sea level) (Figure 1).
The study location is characterized as a semi-arid climate with an average annual precipitation of 432 mm. The
total precipitation received during the study period (June-November) was 232 mm and 528 mm in 2014 and
2015, respectively. The annual mean maximum and minimum temperatures for the region are 22°C and 7°C, re-
spectively [35]. The soil type was Olton clay loam (fine, mixed, superactive, thermicaridic paleustolls) with 16.6,
24.1, and 611.5 ppm available N, P, and K, respectively in both years. The pH of the soil was 7.7 with 2.1% or-
ganic matter content in both years. Previous crop grown in the experimental field was wheat (Triticum aestivum
L.).

2.2. Field Preparation and Planting

The field was cultivated and disked twice to incorporate residues from the last year’s wheat crop and to prepare
a smooth seedbed each year. Four genotypes (Matador, Lewis, HES 1123, and Kinman) were tested under three
different planting dates (June 18, July 7, and July 22; and June 18, July 6, and July 20, respectively in 2014 and
2015). Experimental line HES 1123 was selected based on its performance in west Texas, while Matador, Lewis,
and HES 1123 are already released cultivars mostly grown in part of Texas [31]. Matador plants have a strong
main stem and many lateral branches while Lewis has few lateral branches. Both have a high disease tolerance.
Kinman plants have glabrous leaves and stems with fine branching. Seed for all four genotypes were obtained

HI

Figure 1. Geographic map of Clovis, NM.
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from Texas Tech University, Lubbock, TX. Hereafter, planting dates will be referred to as mid-June, early-July
and late-July. In both years, split plot randomized block design with planting date as the whole plot factor and
genotype as the sub-plot factor was implemented for this study. The whole plot size was 139 m? (37.5 m x 3.7 m)
while the sub-plot size was 34 m? (9.1 m x 3.7 m). Planting was done on a flat surface of soil along the arch us-
ing a plot drill (Model 3P600, Great Plains Drill, Salina, KS, USA) with two passes of 11 rows for each sub-plot.
Each planting was irrigated with a central pivot system. A total of 240 mm and 80 mm of irrigation was applied
to the whole trial over the entire growth period in 2014 and 2015, respectively. No fertilizer was applied to guar
during either of the years; however, pre-plant herbicides including Trifluralin (1.2 kg-a.i.-ha ') and S-metolach-
lor (1.1 kg-a.i.-ha ') were used to control weeds in 2014 and 2015, respectively. The plant population was tar-
geted to be 272,000 plantsha * with a seeding rate of 9 kg-ha * in both years.

2.3. Data Collection

The number of plants m2 was calculated by counting plants from two 9 m long rows from each sub-plot at 20
days and 40 days after planting (DAP). Photosynthetic rate (P,), transpiration rate (T,), SPAD values, and leaf
area index (LAI) were measured to study the effect of planting date on guar physiology. P, and T, were meas-
ured with a portable photosynthesis system LI-COR 6400 (LI-COR, Lincoln, NE, 68504) using standard proto-
col. Measurements were made at a PAR (photosynthetic active radiation) value of 1500 pmol photons m s
and a CO, concentration of 400 = 10 pmolmol . Central leaflets of two fully expanded youngest compound
leaves on the main stem were selected from each replication as suggested by Fenta et al. [36]. Same leaves were
used for taking Field Scout SPAD 502 plus chlorophyll meter (Spectrum Technologies, Inc., Aurora, IL, 60504)
values as an indicator of leaf chlorophyll content. SPAD values strongly correlate with leaf chlorophyll content
[37]-[39]. Leaf area index (LAI) was measured using SunScan Canopy Analyzer (Delta-T Devices, Cambridge,
UK).LAI measurements were made by placing a probe perpendicular to the crop rows. From each sub-plot, two
samples were taken for all of the physiological parameters. All of these observations were taken on a clear sunny
day between 10:00 am to 1:30 pm at the flowering stage.

Plant height from the soil surface to the tip of three representative plants was measured at maturity. Three
representative plants were hand harvested from each sub-plot. Next, a total number of clusters plant™ and pods
plant™ were counted manually. Podscluster * were then calculated by dividing the clusters plant *by the pods
plant™. Seeds were then removed from the pods manually and counted with the help of a digital seed counter
(Seedburo Model 801 COUNT-A-PAK Seed Counter, Seedburo Equipment Co., Des Plaines, IL, 60018). Seed
spod ! were calculated by dividing seeds plant™ by pods plant *. The seeds were then weighed to calculate the
1000 seed weight (g).

For measuring seed yield and harvest index, guar plants were hand harvested from an area of 1 m? from each
sub-plot. Samples were then dried to constant weight in a forced-draft oven at 60°C to calculate whole plant dry
weight-m 2. Dried guar plants were threshed using a plot combine (Model Elite Plot 2001, Wintersteiger, Ried,
Austria). Seeds were cleaned with the help of a seed blower with a tube diameter of 100 mm, type 4110.10.00
(Seed Processing Holland BV, Enkhuizen, Netherlands, 1600 AA). Seeds were then weighed to calculate the
seed weightm 2. The harvest index was calculated by dividing seed weight-m? to whole plant dry weight-m .

2.4. Statistical Analysis

Analysis of variance was conducted for yield and growth parameters using Proc Mixed Model [40] in SAS 9.4
[41]. Planting date, genotype, replication, and planting date x genotype interaction were used as fixed effects
while the replication x planting date interaction was used as a random effect. A similar type of analysis was
performed by Chen and Wiatrak [42]. F-tests and pair wise comparisons corresponding to significant effects
(Fisher’s F-protected LSD) were conducted at the 5% significance level (P < 0.05). Regression analysis between
photosynthetic rate and biomass accumulation, and biomass and seed yield was done using Proc Reg model in
SAS 9.4 [41].

3. Results and Discussion
3.1. Meteorological Parameters

Planting dates had a significant influence on seasonal means of air and soil temperatures as well as rainfall
(Table 1). Guar planted under mid-June planting experienced warmer growing conditions as indicated by higher
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Table 1. Mean air temperature (T;), mean soil temperature (Ts;) and total rainfall (RF) for different planting dates as
measured for whole growing season at Clovis, NM in 2014 and 2015.

e Teoil RF
2014 2015 2014 2015 2014 2015
Planting Date (°C) (mm)
Mid-June 231 222 253 24.0 153.7 442.0
Early-July 21.2 21.5 234 23.0 123.4 4275
Late-July 17.8 18.9 20.5 20.3 118.4 4155

mean soil and air temperatures compared to both July plantings in both years (Table 1). The late-July planting
had least mean soil and air temperatures when averaged across the growing season (Table 1). Highest rainfall
was received by guar planted under mid-June followed by early-July and late-July plantings in both years. The
year 2015 growing season received higher rainfall compared to the year 2014 (Table 1). Guar planted under
mid-June also encountered warmer growing conditions for the initial growth period (from planting to 20 and 40
DAP) (Table 2).

3.2. Stand Establishment

The mid-June planting recorded highest plants m 2 among planting dates in both years (Table 3). Plant count
done at both times indicated better stand establishment under mid-June planting than the July plantings. Plant
count done at 40 DAP had the higher number of plants m 2 than at 20 DAP (Table 3) among all planting dates
and genotypes in both years. Temperature plays an important role in facilitating the germination of seed legumes
[43]. Soil temperature greater than 30°C accelerates guar seed germination [9]. Higher temperature (Table 2)
might have resulted in more germination, thus higher seedling emergence under the mid-June planting (Table 3).
Genotypic variation was also noticed for seedling emergence in both years. The higher number of plantsm 2 in
Lewis genotype in both years represents better stand establishment while Matador in 2015 and Kinman in 2016
resulted in the least seedling emergence. The interaction between treatments was found non-significant at P >
0.05 in both years.

3.3. Physiological Parameters

Physiological parameters of guar were significantly affected by planting date. A higher photosynthetic rate (P,)
under mid-June planting of guar showed better carbon accumulation compared to the two other July plantings.
However, transpiration rate (T,) did not show any significant variation between mid-June and early-July plant-
ings in both years. Guar planted in late-July had the lowest P, and T, (Table 4). Guar planted under mid-June
planting resulted in 56% and 104%, and 70% and 183% higher P, than early-July and late-July plantings, re-
spectively in 2014 and 2015 (Table 4). Genotypic differences were non-significant for both P, and T, in both
years; however, Matador had a higher P, than Kinman in 2014.

Favorable weather conditions (higher temperature and more rainfall) (Table 1 and Table 2) might have trig-
gered P, and T, of guar genotypes under mid-June planting in both years. Increased air temperature resulted in
higher P, of perennial herbs (Acaena cylindrostachya and Senecio formosus) [44]. Apart from temperature,
higher rainfall is also believed to have a positive impact on P, of pigeon pea [45]. Leaf chlorophyll content and
leaf area are other important parameters in determining the photosynthesis efficiency [46]. SPAD values were
significantly affected by planting date; however, genotypic differences were not significant in both years. Guar
planted under mid-June had a higher leaf chlorophyll content as indicated by higher SPAD values than the
late-July planting, and both July plantings, respectively in 2014 and 2015 (Table 4). Warmer weather (Table 1)
might have led to increased chlorophyll content of guar planted under the mid-June in both years. Higher chlo-
rophyll content at warmer temperatures was also noticed in maize leaves by Haldimann [47]. Planting dates and
genotypes affected leaf area index (LAI) consistently in both years. The mid-June planting produced the highest
LAI, which increased by 33% and 88%, and 4% and 47% over the early-July and late-July plantings, respec-
tively in 2014 and 2015. Vickery et al. [48] found a positive linear relationship between P, and LAI in Dactylis
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Table 2. Mean soil temperature over first 20 days after planting (T,g) and 40 days after planting (T4) for different planting
dates as measured at NMSU campus, Las Cruces, NM in 2014 and 2015.

Tao Tao
2014 2015 2014 2015
Planting Date §9)
Mid-June 27.2 26.6 27.0 259
Early-July 26.7 25.9 26.4 25.6
Late-July 26.6 25.6 254 25.3

Table 3. Effect of three planting dates on stand establishment of four guar genotypes on 20 days and 40 days after planting
(DAP) at Clovis, NM in 2014 and 2015.

2014 2015
20 DAP 40 DAP 20 DAP 40 DAP
Planting date (P) (plantsm™?)
Mid-June 23.4a° 28.2a 22.6a 25.6a
Early-July 19.6b 21.7pb 17.5b 19.5b
Late-July 15.4c 16.3c 13.7b 16.7b
Genotype (G)
HES 1123 17.9bc 20.5bc 18.7ab 21.3ab
Kinman 19.5b 22.1b 15.0c 17.6¢
Lewis 24.3a 26.9a 21.2a 23.9a
Matador 16.2c 18.8¢c 16.8bc 19.4bc
Interaction (Px G) NS NS NS NS

“Means within a column and particular effect followed by the same letter(s) are not significantly different (P > 0.05). NS—Non significant at P > 0.05.

Table 4. Effect of three planting dates on photosynthetic rate (P,), transpiration rate (T;), leaf area index (LAI), and SPAD
value of four guar genotypes at 50% flowering stage at Clovis, NM in 2014 and 2015.

2014 2015
Pn T, LAI SPAD Value Pn T, LAl SPAD Value
Planting date (P)  (umol-m2sec™) (mmol-m2sec™) (umol-m2sec™)  (umol-m%sec™)
Mid-June 37.3& 10.0a 3.2a 68.8a 35.1a 8.8a 2.5a 66.0a
Early-July 23.9b 8.2a 2.4b 67.1a 20.6b 8.9a 2.4a 60.1b
Late-July 18.3c 5.4b 1.7c 44.6b 12.4c 3.6b 1.7b 40.6¢
Genotype (G)
HES 1123 26.5ab 8.1a 1.2a 60.9a 23.0a 6.9a 2.0b 56.1a
Kinman 24.3b 7.4a 1.3a 56.9a 22.8a 7.7a 2.2ab 53.7a
Lewis 26.8ab 7.8a 1l.4a 61.3a 22.5a 7.1a 2.4a 54.5a
Matador 28.5a 8.2a 1.3a 61.3a 22.6a 6.6a 2.2ab 58.0a
Interaction (P x G) NS NS NS NS NS NS NS NS

“Means within a column and particular effect followed by the same letter(s) are not significantly different (P > 0.05). NS—Non significant at P > 0.05.

(=)
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glomerata plants. The late-July planting produced the least LAI (Table 4). Planting date produced significant
variation in LAI of guar grown in the tropical climate of India [49]. A Study carried out in Haryana, India by
Taneja et al. [50] also showed higher LAI under mid-June planting than July planting of guar. Genotypic differ-
ences were non-significant in 2014; however, the opposite was true in 2015. Lewis showed a higher LAI than
HES 1123 in 2015. The interaction between planting dates and genotypes were non-significant for all physio-
logical parameters at P > 0.05 in both years. Choudhary et al. [51] reported significant variation in LAI of vari-
ous guar genotypes.

3.4. Growth and Biomass Production

Plant height was significantly affected by planting dates and genotypes in both years (Table 5). The mid-June
planting resulted in taller plants than late-July planting. Plant height in early-July planting was not significantly

Table 5. Effect of different planting dates on plant height, biomass, yield and yield attributing characters of various guar genotypes at

maturity at Las Cruces, NM in 2014 and 2015.

1000

Height Branches plant Biomass Cluster plant™ Pods cluster' Pods plant™ Seeds plant Seeds pod™ seed I-:z:j\g(st Sﬁjg
weight y

Planting ol -ha™!

dae @) ©™ (kgha™) © (kgha™)
2014

Mid-June 49.2a 6.6a 3956a 13.7a 4.6a 62.7a 329.3a 5.3a 30.7a 0.35a 1399a

Early-July  49.3a 5.4ab 3544a 11.1b 4.0a 43.3b 213.5b 4.9a 21.8b 0.31lab 1111b
Late-July  44.4b 4.3b 3482a 7.5¢ 3.9a 28.2b 57.2c 2.2b 18.9b 0.26b  903b

Genotype

©)

HES 1123  48.8a 4.9b 3529a 12.0a 3.9a 46.3a 231.4a 4.5a 22.0b 0.32ab 1128a
Kinman 44.5h 5.4b 3819a 7.8b 4.3a 34.9a 129.0b 3.7a 20.4b 0.29b 1144a
Lewis 47.6a 6.1a 3503a 11.5a 4.2a 49.3a 231.7a 4.4a 22.2b 0.33a 1162a
Matador 49.6a 5.3b 3791a 11.7a 4.3a 48.5a 207.9a 4.0a 30.6a 0.29b 1117a

Interaction
(P x G) NS NS NS NS NS NS NS NS NS NS NS

2015

Planting
date (P)

Mid-June  47.6a 6.4a 4600a 11.6a 4.4a 53.3a 309.3a 5.5a 29.1a 0.28a 1308a

Early-July  45.5ab 5.7ab 3076b 10.4a 4.0a 42.7b 185.5b 4.5a 26.9a 0.28a  868b
Late-July  42.9b 5.0b 1915¢ 7.8b 2.3b 18.7¢ 40.2¢ 2.7b 19.3b 0.19b  38lc

Genotype

©)

HES 1123  46.5a 5.2b 3040b 10.1a 3.5a 37.4ab 204.8a 4.7ab 24.1b 0.28a 867a
Kinman 42.2h 5.7b 2888h 6.8b 3.7a 31.7b 102.3b 3.2b 22.4b 0.20b  659b
Lewis 45.3a 6.4a 3560a 11.7a 3.7a 43.9a 215.0a 4.1ab 21.7b 0.27a 1019a
Matador 47.3a 5.6b 3300ab 11.1a 3.4a 40.0ab 191.3a 5.0a 32.1a 0.24ab 864a

Interaction o NS NS NS NS NS NS NS NS NS NS
(PxG)

“Means within a column and particular effect followed by the same letter(s) are not significantly different (P > 0.05). NS—Non significant at P > 0.05.

(=)
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different from early or late plantings, with the exception of late planting in 2014. Among genotypes, Kinman
was the shortest plant in both years (Table 5). The interaction between planting dates and genotypes for plant
height was non-significant at P > 0.05. Mean plant height over planting dates and genotypes ranged from 44.4
cm to 49.6 cm, and 42.2 cm to 47.6 cm, respectively in 2014 and 2015. A study conducted by Kalyani [8] in Ti-
rupati, India also showed a significant effect of planting date on guar plant height under rainfed conditions. May
planting of guar resulted in taller plants compared to June planting in the Mediterranean environment of Italy
[27]. In contrast, Ali et al. [52] found taller plants under June planting compared to May and July plantings in
dry land regions of Pakistan.

Significantly, more branches plant * were produced by the mid-June planting of guar than late-July planting
(Table 5); however, the differences were not significant from early-July planting in both years. In a research
conducted on agricultural research land in Haryana, India variation in the number of branches plant™ of guar
with changing planting dates was also observed by Taneja et al. [50]. Among genotypes, Lewis produced the
highest number of branches plant *. The interaction between treatments was non-significant for branches plant *
at the 5% level of significance.

Treatments did not produce any significant effect on final plant biomass in 2014; however, noticeable varia-
bility was observed in 2015. The mid-June planted guar had the highest plant biomass in 2015 (Table 5). Short-
er guar plants in the late-July planting produced the least plant biomass. The mid-June planting increased plant
biomass by 50% and 140% than the early-July and late-July plantings in 2015. Increased photosynthesis under
mid-June planting might have caused higher biomass accumulation as indicated by the relationship found be-
tween photosynthetic rate and plant biomass accumulation (Figure 2, R? = 0.40).In a study conducted by Reich
et al. [53] on 9 different tree species, an increase in biomass accumulation rate with increasing photosynthetic
rate was reported. Kalyani [8] observed significant variation in final plant biomass of guar, ranging from 3490
kg-ha ™ to 6831 kg-ha ™, over different planting dates. Also, June planted guar seemed to have the highest bio-
mass compared to May and July plantings in rainfed regions of Pakistan [52]. Genotypic variation for plant

7000
B =66.1PR +1802.1 v

6000 1 Ro- 0.40, P < 0.0001

5000 -

4000 -

3000 +

Plant biomass (B)
(kg ha™)

2000 -

1000 -

0 T r r r
0 10 20 30 40 50

Photosynthetic rate (PR)
(umol msec™)

® 2014-HES1123 = 2014 -LEWIS

O 2015-HES 1123 0O 2015-LEWIS

v 2014-KINMAN & 2014 - MATADOR
A 2015-KINMAN <& 2015- MATDOR

Figure 2. Guar final plant biomass as a function of photosynthetic rate (P,) measured during 2014 and 2015 at

Clovis, NM.
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biomass was non-significant in 2014; however, significant variation was seen in 2015. Lewis produced more
plant biomass than HES 1123 and Kinman in 2015. The interaction between treatments was non-significant for
plant biomass at P > 0.05. Favorable weather conditions during mid-June planting growing season helped guar
to have taller and more branched plants and thus resulted in higher biomass accumulation.

3.5.Yield and Yield Characters

A significant effect of planting date on guar seed yield was observed in both years; however, genotypic differ-
ences were significant only in 2015 (Table 5). The mid-June planting had significantly higher seed yield than
both of the July plantings in both years. An increase of 26% and 55%, and 51% and 243% was found in seed
yield of the mid-June planting of guar over the early-July and late-July plantings, respectively in 2014 and 2015.
The early-June planting of guar resulted in 118% higher seed yield than early-July planting in Knox county of
Texas, USA [54]. In that study, less transformation of buds to full pods in early-July planting, indicated by high
bud to pod ratio (5:1), resulted in reduced seed yield of early-July planting compared to the early-June planting,
which had a low bud to pod ratio (3:1). Under rainfed conditions, Ali et al. [52] showed that early-June planting
of guar produced significantly higher seed yield compared to May, late-June, and early-July plantings. A study
conducted by Yadav et al. [55] indicated highest guar seed yield when planted in late-June. In their study,
late-June planting increased guar seed yield by 21% and 35% over mid-July planting, respectively in 2000 and
2001. In contrast, Taneja et al. [50] found an increase of 26% and 72% in the seed yield of guar under July 10
planting over June 20 and July 30 plantings, respectively. Reduced seed yield in the July 30 planting date was
attributed to low accumulated heat and curtailed the growth period. Gresta et al. [27] indicated a 9% in increase
in seed yield of guar planted in early-May compared to late-June planting in the Mediterranean environment of
Italy. Increased plant biomass might have increased the seed yield of mid-June planted guar as suggested by the
significant relationship found between plant biomass and guar seed yield (Figure 3, R* = 0.78). Genotypes
showed significant variation for seed yield in 2015 only. Lewis, HES 1123, and Matador had higher seed yield
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Figure 3. Guar final seed yield as a function of plant biomass measured during 2014 and 2015 at Clovis, NM.
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than Kinman in 2015. Gresta et al. [27]; Kalyani [8]; Punia et al. [56] also observed significant variation among
various genotypes for seed yield. Mean seed yield across planting dates and genotypes ranged from 903 to 1399
kg-ha ™ and 381 to 1308 kg-ha *, respectively in 2014 and 2015. The non-significant interaction between plant-
ing dates and genotypes was found for seed yield at P > 0.05 in both years.

Treatments affected yield characters [clusters plant ™, pods plant®, seeds plant?, seed spod*, 1000 seed
weight and harvest index (H1)] significantly in both years (Table 5). In 2014, clusters plant * were higher for the
mid-June planting, followed by early and late-July plantings (Table 5). However, in 2015, clusters plant * were
similar under mid-June and early-July plantings. In both years, the mid-June planting produced a higher number
of pods plant * than early and late-July plantings (Table 5). The mid-June planting had 23% and 83%, and 12%
and 49% higher clusters plant * than the early-July and late-July plantings, respectively in 2014 and 2015. Simi-
larly, the mid-June planting had 45% and 122%, and 25% and 185% higher pods plant * than the early-July and
late-July plantings, respectively in 2014 and 2015. Planting date showed significant variation for the number of
clusters plant™ and pods plant* for guar [8] [50] [57]-[59]. Genotype variation for clusters plant™ and pods
plant™ was non-significant in 2014. However, variation was significant in 2015. Kinman had a lower number of
clusters plant *and pods plant * than the other genotypes in 2015. Mean clusters plant * across both treatments
ranged from 7.5 to 13.7, and 6.8 to 11.7, respectively in 2014 and 2015. Mean pods plant * across both treat-
ments ranged from 28.2 to 62.7, and 18.7 to 53.3, respectively in 2014 and 2015. In 2014, podscluster * did not
show any significant variation among planting dates and genotypes. However, in 2015, mid-June and early-July
plantings had a higher number of podscluster * than late-July planting. In contrast, significant variation in the
number of podscluster * of guar over different planting dates was found by Kalyani [8] and Patil [60].

In both years, the mid-June planting produced the maximum number of seeds plant™, followed by early and
late-July plantings (Table 5). The mid-June and early-July plantings had a higher number of seed spod* than
late-July planting. A higher number of seed spod ™ and pods plant in the mid-June planting caused an in-
creased number of seeds plant . The mid-June planting produced 54% and 475%, and 67% and 670% higher
number of seeds plant™ than early-July and late-July plantings, respectively in 2014 and 2015. The mid-June
planting produced 8% and 140%, and 22% and 104% higher number of seeds pod ™ than early-July and late-July
plantings, respectively in 2014 and 2015.

A study conducted by Gresta et al. [27]; Kalyani [8]; Taneja et al. [50]; Tiwana and Tiwana [42] also showed
significant variation in seed spod* of guar under different planting dates. Genotypic variation for seeds plant*
and seed spod * was observed. Kinman produced the least number of seeds plant * and seed spod* in both years.
Lewis produced the maximum number of seeds plant™ in both years; however, the difference was significant
than Kinman only. Seed spod* did not vary significantly among genotypes in 2014; however, the difference was
significant in 2015. Kinman produced a significantly fewer number of seed spod* than Matador in 2015.

In 2014, guar planted in the mid-June resulted in higher 1000 seed weight than July plantings. However, in
2015, 1000 seed weight was similar under mid-June and early-July plantings. 1000 seed weight of guar differs
with changing planting dates [8] [27] [50] [57] [59]. The early planting of guar resulted in a higher 1000 seed
weight than late planting [8] [27] [57]. Among genotypes, Matador had the highest 1000 seed weight in both
years, which differed significantly from the rest of the genotypes. In 2014, the mid-June planting resulted in
higher HI than late-July planting; however, in 2015, both mid-June and early-July plantings had higher HI than
late-July planting. The mid-June planting increased HI by 13% and 35% over early-July and late-July plantings
in 2014. Among genotypes, Lewis and HES 1123 had the highest HI in 2014 and 2015, respectively. Lewis dif-
fered significantly from Matador and Kinman in 2014, and HES differed significantly from Kinmanin 2015.
Treatments did not produce any significant interaction for yield and yield characters at P > 0.05 in both years.

4. Conclusion

Planting date showed a significant effect on yield formation of guar genotypes in the Southern High Plains. The
present study indicated that planting of any of the tested guar genotypes around mid-June was the best for higher
seed yield. More studies with earlier planting dates (in April and May) and more diverse genotypes could reveal
more information about the best planting period in the Southern High Plains. Favorable weather conditions pre-
vailed during the growing season of the mid-June planting helped guar to achieve higher seed yield than other
planting dates. Warmer weather conditions for the mid-June planted guar led to higher plant establishment,
higher photosynthetic rate, higher biomass accumulation, and consequently, higher seed yield of guar under
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mid-June planting than under early-July and late-July plantings. Interestingly, no genotype significantly outper-
formed the other; however, Lewis had the highest seed yield. Weather differences between the two years altered
guar performance which resulted in higher seed yield in the year 2014 than 2015.
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